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Abstract:​​ ​​Water​ ​quality​ ​and​ ​access​ ​is​ ​under​ ​grave​ ​threat​ ​in​ ​Ecuador,​ ​yet​ ​remains​ ​poorly​ ​studied. 
Macroinvertebrates​ ​were​ ​used​ ​as​ ​biological​ ​indicators​ ​to​ ​study​ ​water​ ​quality​ ​around​ ​Reserva 
Natural​ ​Madrigal​ ​del​ ​Podocarpus,​ ​Loja​ ​Province,​ ​Ecuador.​ ​Data​ ​on​ ​macroinvertebrates​ ​was 
combined​ ​with​ ​hydrologic​ ​measurements​ ​of​ ​stream​ ​functions.​ ​Macroinvertebrate​ ​sampling​ ​was 
conducted​ ​from​ ​6​ ​sites​ ​within​ ​the​ ​Upper​ ​Río​ ​Zamora​ ​watershed.​ ​Geologic​ ​outcrops​ ​were 
observed​ ​along​ ​several​ ​roadcuts​ ​and​ ​stream​ ​banks.​ ​Hydrologic​ ​data​ ​was​ ​collected​ ​by​ ​measuring 
discharge,​ ​elevation​ ​change,​ ​and​ ​finding​ ​the​ ​highest​ ​permanent​ ​spring.​ ​The​ ​EPT​ ​index​ ​(number 
of​ ​EPT​ ​individuals​ ​and​ ​percentage​ ​of​ ​EPT​ ​individuals)​ ​and​ ​the​ ​BMWP/Colombia​ ​Index​ ​for 
macroinvertebrates​ ​were​ ​used​ ​to​ ​compare​ ​water​ ​quality​ ​between​ ​sites.​ ​Of​ ​the​ ​20​ ​sites​ ​sampled,​ ​7 
had​ ​the​ ​highest​ ​water​ ​quality​ ​ratings​ ​in​ ​all​ ​3​ ​indices,​ ​while​ ​5​ ​more​ ​had​ ​the​ ​highest​ ​quality​ ​ratings 
in​ ​the​ ​BMWP/Colombia​ ​index​ ​and​ ​number​ ​of​ ​EPTs.​ ​The​ ​percentage​ ​of​ ​EPT​ ​taxa​ ​was​ ​the​ ​index 
least​ ​correlated​ ​with​ ​the​ ​number​ ​of​ ​EPT​ ​individuals​ ​(2​ ​tail​ ​p=0.60,​ ​r​2​=0.02)​ ​and 
BMWP/Colombia​ ​index​ ​(2​ ​tail​ ​p=0.55,​ ​r​2​=0.02).​ ​Only​ ​2​ ​sites​ ​showed​ ​measurable​ ​evidence​ ​of 
contamination.​ ​For​ ​hydrology,​ ​outcrops​ ​showed​ ​two​ ​primary​ ​layers-​ ​one​ ​of​ ​gray​ ​shale,​ ​and​ ​one 
of​ ​weathered​ ​orange-tan​ ​sandstone.​ ​The​ ​highest​ ​permanent​ ​spring​ ​in​ ​the​ ​Río​ ​Zamora​ ​watershed 
is​ ​at​ ​a​ ​low​ ​2338​ ​m,​ ​but​ ​is​ ​safe​ ​from​ ​pollution​ ​given​ ​its​ ​location​ ​within​ ​the​ ​reserve.​ ​Outcrops 
show​ ​tilting​ ​around​ ​the​ ​time​ ​of​ ​Northern​ ​Andes​ ​formation​ ​(~15​ ​million​ ​years​ ​ago)​ ​and​ ​erosion 
around​ ​the​ ​last​ ​glacial​ ​maximum​ ​(~10,000​ ​years​ ​ago).​ ​Despite​ ​geologic​ ​stresses,​ ​the​ ​stratigraphic 
column​ ​indicates​ ​that​ ​the​ ​stream​ ​resists​ ​erosion​ ​in​ ​its​ ​current​ ​location. 
 
Resumen:​​ ​​La​ ​calidad​ ​y​ ​el​ ​acceso​ ​de​ ​agua​ ​está​ ​amenazado​ ​en​ ​Ecuador,​ ​pero​ ​siguiendo​ ​mal 
estudiado.​ ​Los​ ​macroinvertebrados​ ​sirvieron​ ​como​ ​indicadores​ ​biológicos​ ​para​ ​estudiar​ ​la 
calidad​ ​de​ ​agua​ ​alrededor​ ​del​ ​Reserva​ ​Natural​ ​Madrigal​ ​del​ ​Podocarpus,​ ​Provincia​ ​Loja, 
Ecuador.​ ​Los​ ​datos​ ​sobre​ ​macroinvertebrados​ ​se​ ​juntaron​ ​con​ ​medidas​ ​hidrológicas​ ​de​ ​los 
funciones​ ​de​ ​los​ ​quebradas.​ ​Las​ ​muestras​ ​de​ ​macroinvertebrados​ ​se​ ​registraron​ ​sin​ ​sacrificarlos 
de​ ​6​ ​sitios​ ​dentro​ ​del​ ​Cuenca​ ​Superior​ ​del​ ​Río​ ​Zamora.​ ​Afloramientos​ ​geológicos​ ​se​ ​observaron 
al​ ​lado​ ​de​ ​cortes​ ​de​ ​carretera​ ​y​ ​en​ ​orillas​ ​de​ ​los​ ​quebradas.​ ​Los​ ​datos​ ​hidrológicos​ ​se​ ​recolectaron 
por​ ​midiendo​ ​emisiones,​ ​cambio​ ​de​ ​altura,​ ​y​ ​buscando​ ​el​ ​manantial​ ​permanente​ ​más​ ​alto​ ​de 
quebrada.​ ​El​ ​índice​ ​EPT​ ​(número​ ​de​ ​individuos​ ​de​ ​EPT​ ​y​ ​el​ ​porcentaje​ ​de​ ​individuales​ ​de​ ​EPT) 
y​ ​el​ ​índice​ ​BMWP/Colombia​ ​para​ ​macroinvertebrados​ ​se​ ​usaron​ ​para​ ​comparar​ ​la​ ​calidad​ ​de 
agua​ ​entre​ ​los​ ​sitios.​ ​De​ ​los​ ​20​ ​sitios​ ​registrados,​ ​7​ ​tenía​ ​las​ ​clasificaciones​ ​calidad​ ​de​ ​agua​ ​más 
alta​ ​para​ ​todos​ ​los​ ​3​ ​índices,​ ​mientras​ ​5​ ​más​ ​sitios​ ​tenían​ ​las​ ​clasificaciones​ ​más​ ​alta​ ​del​ ​índice 
BMWP/Colombia​ ​y​ ​número​ ​de​ ​individuos​ ​de​ ​EPT.​ ​El​ ​porcentaje​ ​de​ ​taxa​ ​de​ ​EPT​ ​era​ ​el​ ​índice 
menos​ ​correlacionado​ ​con​ ​el​ ​número​ ​de​ ​individuos​ ​de​ ​EPT​ ​(2​ ​cola​ ​p=0.60,​ ​r​2​=0.02)​ ​y​ ​el​ ​índice 
BMWP/Colombia​ ​(2​ ​cola​ ​p=0.55,​ ​r​2​=0.02).​ ​Sólo​ ​2​ ​sitios​ ​mostraron​ ​indicios​ ​medibles​ ​de 
contaminación.​ ​Para​ ​la​ ​hidrología,​ ​los​ ​afloramientos​ ​mostraron​ ​dos​ ​estratos​ ​primarios--​ ​un 
estrato​ ​de​ ​pizarra​ ​gris,​ ​y​ ​un​ ​otro​ ​estrato​ ​de​ ​arenisca​ ​color​ ​marrón​ ​claro​ ​anaranjado.​ ​El​ ​manantial 
permanente​ ​y​ ​más​ ​alto​ ​de​ ​Cuenca​ ​Río​ ​Zamora​ ​está​ ​en​ ​una​ ​altura​ ​relativamente​ ​bajo​ ​(2338​ ​m), 
pero​ ​está​ ​libre​ ​de​ ​polución​ ​porque​ ​está​ ​dentro​ ​de​ ​la​ ​reserva.​ ​Los​ ​afloramientos​ ​también 
mostraron​ ​cambios​ ​geológicos​ ​de​ ​gran​ ​escala​ ​aproximadamente​ ​durante​ ​la​ ​formación​ ​de​ ​los 
Andes​ ​Norteño​ ​(hace​ ​~15​ ​millones​ ​de​ ​años)​ ​y​ ​también​ ​cerca​ ​del​ ​último​ ​máximo​ ​glacial​ ​(hace​ ​~ 
10.000​ ​años).​ ​A​ ​pesar​ ​de​ ​tensiones​ ​geológicos,​ ​la​ ​columna​ ​estratigráfica​ ​muestra​ ​que​ ​los 
quebradas​ ​se​ ​resisten​ ​erosión​ ​en​ ​sus​ ​locaciones​ ​actual.  
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Water​ ​quality​ ​is​ ​under​ ​threat​ ​in​ ​much​ ​of​ ​the​ ​“Global​ ​South.”​ ​Due​ ​to​ ​rapid​ ​urbanization 
and​ ​economic​ ​development,​ ​water​ ​quality​ ​in​ ​the​ ​majority​ ​of​ ​rivers​ ​in​ ​Latin​ ​America,​ ​Africa,​ ​and 
Asia​ ​has​ ​worsened​ ​since​ ​the​ ​1990s.​ ​Water​ ​quality​ ​data​ ​is​ ​lacking​ ​throughout​ ​Latin​ ​and​ ​South 
America,​ ​where​ ​river​ ​water​ ​monitoring​ ​stations​ ​have​ ​an​ ​average​ ​density​ ​of​ ​0.3​ ​stations​ ​per 
10,000​ ​km​2​ ​​.​ ​In​ ​contrast,​ ​the​ ​state​ ​of​ ​Wisconsin,​ ​USA,​ ​has​ ​an​ ​​ ​average​ ​station​ ​density​ ​of​ ​1.6​ ​per 
10,000​ ​km​2​ ​​.​ ​Even​ ​with​ ​sparse​ ​data,​ ​25%​ ​of​ ​rivers​ ​in​ ​Latin​ ​America​ ​studied​ ​contain​ ​fecal 
pollution​ ​higher​ ​than​ ​the​ ​severe​ ​pollution​ ​level​ ​of​ ​1000​ ​fecal​ ​coliform​ ​units/100​ ​mL​ ​of​ ​water 
(United​ ​Nations​ ​Environmental​ ​Programme,​ ​2016),​ ​proving​ ​the​ ​need​ ​to​ ​track​ ​and​ ​eliminate 
pollution. 
Within​ ​Ecuador,​ ​rivers​ ​lack​ ​a​ ​modern​ ​hydrological​ ​monitoring​ ​network​ ​to​ ​accurately 
measure​ ​river​ ​features​ ​throughout​ ​the​ ​year.​ ​Proposals​ ​that​ ​include​ ​measures​ ​of​ ​discharge 
quantity,​ ​such​ ​as​ ​dam​ ​proposals,​ ​use​ ​an​ ​imprecise​ ​measurement​ ​known​ ​as​ ​“median​ ​annual​ ​flow.” 
This​ ​“median​ ​annual​ ​flow”​ ​only​ ​averages​ ​the​ ​minimum​ ​and​ ​maximum​ ​flows​ ​recorded.​ ​This 
results​ ​in​ ​imprecise​ ​flow​ ​projections​ ​that​ ​can​ ​be​ ​up​ ​to​ ​four​ ​times​ ​the​ ​level​ ​of​ ​normal​ ​flow​ ​(Terry, 
2007).​ ​​ ​Despite​ ​Ecuador’s​ ​famously​ ​rich​ ​network​ ​of​ ​rivers,​ ​only​ ​61%​ ​of​ ​Ecuadorians​ ​have​ ​access 
to​ ​purified​ ​municipal​ ​water.​ ​Irrigation​ ​for​ ​agriculture​ ​uses​ ​the​ ​most​ ​of​ ​Ecuador’s​ ​water,​ ​while 
industrial​ ​and​ ​domestic​ ​uses​ ​only​ ​use​ ​3%​ ​(United​ ​States​ ​Army​ ​Corps​ ​of​ ​Engineers,​ ​1997).​ ​More 
investigation​ ​into​ ​how​ ​to​ ​clean​ ​and​ ​conserve​ ​water​ ​within​ ​Ecuador​ ​will​ ​improve​ ​water​ ​access 
and​ ​quality​ ​for​ ​all​ ​Ecuadorians.  
San​ ​Simon​ ​and​ ​El​ ​Carmen​ ​are​ ​two​ ​small​ ​first​ ​order​ ​streams​ ​with​ ​their​ ​headwaters​ ​located 
in​ ​Reserva​ ​Natural​ ​Madrigal​ ​del​ ​Podocarpus​ ​(MdP),​ ​adjacent​ ​to​ ​Podocarpus​ ​National​ ​Park​ ​in 
Loja​ ​Province,​ ​southern​ ​Ecuador.​ ​These​ ​streams​ ​are​ ​locally​ ​known​ ​for​ ​having​ ​excellent​ ​water 
quality—​ ​so​ ​much​ ​so​ ​that​ ​locals​ ​will​ ​drink​ ​the​ ​water​ ​unfiltered​ ​from​ ​the​ ​tap​ ​or​ ​even​ ​directly​ ​from 
the​ ​river,​ ​a​ ​rarity​ ​in​ ​Ecuador.​ ​This​ ​water​ ​also​ ​eventually​ ​becomes​ ​chemically​ ​treated​ ​and 
provides​ ​part​ ​of​ ​the​ ​water​ ​supply​ ​for​ ​the​ ​city​ ​of​ ​Loja,​ ​lower​ ​down​ ​in​ ​the​ ​valley.  
However,​ ​these​ ​streams​ ​also​ ​flow​ ​by​ ​cow​ ​pasture​ ​and​ ​chicken,​ ​vegetable​ ​and​ ​pig​ ​farms. 
Chicken​ ​farming​ ​in​ ​particular​ ​is​ ​a​ ​notorious​ ​source​ ​of​ ​water​ ​pollution.​ ​Animal​ ​waste​ ​contains 
pathogens​ ​(like​ ​cryptosporidium,​ ​salmonella,​ ​and​ ​E.​ ​coli)​ ​in​ ​concentrations​ ​10-100​ ​times​ ​higher 
than​ ​human​ ​waste.​ ​Animal​ ​waste​ ​also​ ​forms​ ​ammonia,​ ​a​ ​toxic​ ​form​ ​of​ ​nitrogen,​ ​as​ ​it​ ​decomposes 
(Good,​ ​2017).​ ​Given​ ​the​ ​steep​ ​mountains​ ​and​ ​hills​ ​that​ ​define​ ​the​ ​watershed​ ​area,​ ​the​ ​pastures 
and​ ​farms​ ​are​ ​located​ ​directly​ ​uphill​ ​from​ ​the​ ​stream​ ​and​ ​the​ ​dirt​ ​road,​ ​creating​ ​the​ ​potential​ ​for 
fecal​ ​contaminants​ ​and​ ​pesticides​ ​to​ ​flow​ ​directly​ ​into​ ​the​ ​stream​ ​in​ ​the​ ​case​ ​of​ ​runoff.​ ​Though 
most​ ​research​ ​on​ ​agricultural​ ​pollution​ ​is​ ​from​ ​conventional​ ​factory​ ​farming​ ​in​ ​the​ ​United​ ​States, 
and​ ​the​ ​farms​ ​around​ ​San​ ​Simon​ ​and​ ​El​ ​Carmen​ ​are​ ​much​ ​smaller​ ​in​ ​scale,​ ​the​ ​pollution​ ​effects 
can​ ​be​ ​similar.  
Another​ ​important​ ​potential​ ​source​ ​of​ ​pollution​ ​is​ ​gold​ ​mining​ ​on​ ​the​ ​eastern​ ​side​ ​of​ ​the 






safely​ ​down​ ​on​ ​the​ ​Loja​ ​side​ ​of​ ​the​ ​border.​ ​However,​ ​gold​ ​mining​ ​creates​ ​air​ ​pollution​ ​because 
the​ ​extraction​ ​process​ ​can​ ​release​ ​toxic​ ​chemicals,​ ​such​ ​as​ ​cyanide,​ ​into​ ​the​ ​air​ ​(Bland,​ ​2014). 
Finding​ ​evidence​ ​of​ ​gold​ ​mining​ ​related​ ​pollution​ ​would​ ​be​ ​a​ ​troubling​ ​but​ ​essential​ ​source​ ​of 
contamination​ ​to​ ​track​ ​down.​ ​The​ ​streams​ ​also​ ​have​ ​significant​ ​potential​ ​for​ ​human​ ​impact​ ​in​ ​the 
water.​ ​On​ ​weekends,​ ​many​ ​villagers​ ​bathe,​ ​wash​ ​clothes,​ ​and​ ​even​ ​wash​ ​their​ ​cars​ ​downstream 
of​ ​MdP.​ ​Given​ ​that​ ​many​ ​villagers​ ​also​ ​drink​ ​this​ ​water​ ​unfiltered,​ ​it​ ​is​ ​important​ ​to​ ​check 
whether​ ​the​ ​water​ ​stays​ ​clean​ ​after​ ​people​ ​put​ ​soap​ ​and​ ​other​ ​difficult-to-filter​ ​pollutants​ ​in​ ​the 
streams. 
MdP​ ​was​ ​founded​ ​in​ ​2003​ ​on​ ​600​ ​acres​ ​of​ ​montane​ ​forest​ ​land,​ ​which​ ​includes​ ​intact 
cloud​ ​forest​ ​and​ ​secondary​ ​forest,​ ​east​ ​of​ ​Loja​ ​City,​ ​Ecuador.​ ​This​ ​land​ ​was​ ​formerly​ ​a​ ​cattle 
ranch​ ​and​ ​ranges​ ​in​ ​elevation​ ​from​ ​2220​ ​m​ ​to​ ​3300​ ​m.​ ​Annual​ ​precipitation​ ​is​ ​1368.6​ ​mm​ ​(Hugo 
Tapia​ ​Castro,​ ​pers.​ ​comm.,​ ​November​ ​30,​ ​2017).​ ​From​ ​an​ ​ecological​ ​perspective,​ ​this 
preservation​ ​of​ ​land​ ​is​ ​particularly​ ​critical​ ​because​ ​the​ ​upper​ ​Río​ ​Zamora​ ​watershed​ ​is​ ​very 
sensitive​ ​to​ ​pollution​ ​due​ ​to​ ​land​ ​use​ ​and​ ​the​ ​steep​ ​elevation​ ​gradient.​ ​When​ ​200​ ​cows​ ​were 
removed​ ​from​ ​the​ ​Río​ ​Zamora​ ​watershed​ ​area​ ​in​ ​2006,​ ​fecal​ ​contamination​ ​in​ ​drinking​ ​water​ ​in 
the​ ​city​ ​of​ ​Loja​ ​decreased​ ​80%​ ​(Paladines​ ​et.​ ​al.​ ​2015).​ ​Removing​ ​all​ ​polluting​ ​animals​ ​is​ ​not 
realistic​ ​in​ ​this​ ​agrarian​ ​area​ ​downstream​ ​of​ ​MdP.​ ​But​ ​this​ ​statistic​ ​gives​ ​a​ ​range​ ​of​ ​how 
containing​ ​potential​ ​pollution​ ​sources​ ​improves​ ​the​ ​quality​ ​of​ ​the​ ​water. 
An​ ​important​ ​fact​ ​about​ ​the​ ​Río​ ​Zamora​ ​watershed​ ​is​ ​that​ ​all​ ​source​ ​springs​ ​for​ ​San 
Simon​ ​and​ ​El​ ​Carmen​ ​are​ ​located​ ​within​ ​the​ ​higher​ ​mountainous​ ​part​ ​of​ ​MdP,​ ​ensuring​ ​that​ ​the 
water​ ​is​ ​clean​ ​when​ ​it​ ​leaves​ ​the​ ​spring​ ​and​ ​enters​ ​the​ ​first-order​ ​streams.​ ​However,​ ​since​ ​these 
streams​ ​flow​ ​by​ ​several​ ​potential​ ​contaminants,​ ​it’s​ ​important​ ​to​ ​ensure​ ​that​ ​the​ ​water​ ​is​ ​actually 
clean​ ​enough​ ​to​ ​drink​ ​safely,​ ​despite​ ​local​ ​belief​ ​in​ ​its​ ​purity.​ ​This​ ​study​ ​uses​ ​macroinvertebrates 
to​ ​determine​ ​water​ ​quality​ ​in​ ​and​ ​around​ ​MdP,​ ​which​ ​has​ ​not​ ​been​ ​investigated​ ​in​ ​the​ ​14​ ​years 
since​ ​MdP​ ​was​ ​established.  
Macroinvertebrates,​ ​defined​ ​as​ ​invertebrates​ ​between​ ​0.5-50​ ​mm​ ​in​ ​length,​ ​have​ ​been 
used​ ​as​ ​biological​ ​indicators​ ​of​ ​water​ ​quality​ ​since​ ​the​ ​early​ ​1900s​ ​(Cairns​ ​Jr.​ ​and​ ​Pratt,​ ​1993). 
Although​ ​the​ ​usefulness​ ​of​ ​using​ ​biological​ ​indicators​ ​has​ ​been​ ​extensively​ ​criticized,​ ​it​ ​can​ ​still 
be​ ​worth​ ​doing​ ​macroinvertebrate​ ​studies​ ​because​ ​they​ ​are​ ​cheap​ ​and​ ​require​ ​minimal​ ​training 
and​ ​equipment.​ ​In​ ​addition,​ ​several​ ​different​ ​classification​ ​systems​ ​for​ ​macroinvertebrates​ ​exist 
to​ ​better​ ​serve​ ​different​ ​ecosystems.​ ​The​ ​most​ ​popular​ ​is​ ​the​ ​EPT​ ​index,​ ​which​ ​counts​ ​the 
number​ ​of​ ​individuals​ ​within​ ​the​ ​orders​ ​Ephemeroptera,​ ​Plecoptera,​ ​and​ ​Trichoptera.​ ​These 
orders​ ​are​ ​considered​ ​particularly​ ​pollution​ ​sensitive.​ ​There​ ​are​ ​2​ ​ways​ ​to​ ​use​ ​the​ ​EPT​ ​index. 
One​ ​version​ ​uses​ ​the​ ​count​ ​of​ ​EPT​ ​individuals​ ​at​ ​a​ ​particular​ ​site,​ ​while​ ​the​ ​other​ ​uses​ ​the 
percentage​ ​of​ ​EPT​ ​individuals.​ ​The​ ​BMWP/Colombia​ ​(abbreviated​ ​as​ ​BMWP/Col)​ ​index​ ​is​ ​a 
modification​ ​of​ ​the​ ​BMWP​ ​(biological​ ​monitoring​ ​working​ ​party)​ ​configured​ ​for​ ​subtropical​ ​and 
tropical​ ​climates.​ ​The​ ​BMWP/Col​ ​index​ ​assigns​ ​a​ ​certain​ ​number​ ​of​ ​points​ ​to​ ​each​ ​family​ ​based 
on​ ​how​ ​pollution​ ​sensitive​ ​it​ ​is,​ ​with​ ​10​ ​being​ ​the​ ​most​ ​pollution​ ​sensitive​ ​and​ ​1​ ​being​ ​the​ ​least 
pollution​ ​sensitive.  
“Hydrologic​ ​studies”​ ​is​ ​a​ ​less​ ​specific​ ​type​ ​of​ ​study​ ​than​ ​using​ ​aquatic 
macroinvertebrates.​ ​For​ ​this​ ​project,​ ​hydrology​ ​incorporates​ ​both​ ​concrete​ ​measurements​ ​of​ ​how 
water​ ​flows​ ​through​ ​the​ ​stream​ ​(such​ ​as​ ​width,​ ​discharge,​ ​and​ ​depth)​ ​alongside​ ​qualitative 
observations​ ​of​ ​how​ ​rock​ ​layers​ ​along​ ​and​ ​near​ ​the​ ​stream​ ​reflect​ ​stream​ ​conditions.​ ​Despite​ ​a 
recent​ ​focus​ ​on​ ​geochemical​ ​analysis,​ ​observing​ ​outcrops​ ​is​ ​the​ ​cheapest,​ ​easiest,​ ​and​ ​often​ ​most 






This​ ​project​ ​seeks​ ​to​ ​use​ ​hydrologic​ ​measurements​ ​of​ ​historic​ ​and​ ​present​ ​day​ ​stream 
functions,​ ​and​ ​incorporate​ ​this​ ​data​ ​alongside​ ​with​ ​biological​ ​indicators​ ​of​ ​water​ ​quality.​ ​The 
objective​ ​of​ ​this​ ​integrated​ ​study​ ​is​ ​to​ ​provide​ ​a​ ​holistic​ ​view​ ​of​ ​how​ ​water​ ​flow​ ​controls​ ​water 
quality​ ​within​ ​a​ ​watershed.​ ​The​ ​first​ ​hypothesis​ ​is​ ​that​ ​the​ ​different​ ​study​ ​sites​ ​will​ ​not​ ​have 
statistically​ ​different​ ​numbers​ ​of​ ​macroinvertebrates,​ ​since​ ​water​ ​quality​ ​is​ ​believed​ ​to​ ​be 
excellent​ ​throughout​ ​the​ ​watershed.​ ​The​ ​second​ ​hypothesis​ ​is​ ​that​ ​the​ ​EPT​ ​index​ ​and​ ​the 
BMWP/Col​ ​score​ ​will​ ​give​ ​the​ ​same​ ​water​ ​quality​ ​readings​ ​based​ ​on​ ​macroinvertebrates, 
because​ ​the​ ​number​ ​of​ ​macroinvertebrates​ ​will​ ​be​ ​the​ ​same​ ​for​ ​each​ ​individual​ ​sample​ ​at​ ​each 
site.​ ​The​ ​third​ ​hypothesis​ ​states​ ​that​ ​temperature,​ ​discharge,​ ​and​ ​elevation​ ​will​ ​have​ ​a​ ​significant 
impact​ ​on​ ​the​ ​number​ ​of​ ​macroinvertebrates.​ ​For​ ​hydrology,​ ​this​ ​study​ ​hypothesizes​ ​that​ ​the 
streams​ ​will​ ​not​ ​record​ ​paleoflow​ ​data​ ​because​ ​of​ ​recent​ ​tectonic​ ​history​ ​in​ ​the​ ​Central​ ​Andes. 
The​ ​fifth​ ​hypothesis​ ​is​ ​that​ ​the​ ​volcanic​ ​bedrock​ ​in​ ​the​ ​area​ ​will​ ​prevent​ ​large,​ ​erosive​ ​streams 
from​ ​forming.  
 
Methods​ ​and​ ​Materials 
Samples​ ​were​ ​collected​ ​within​ ​the​ ​Madrigal​ ​del​ ​Podocarpus​ ​Nature​ ​Reserve​ ​and​ ​further 
down​ ​towards​ ​the​ ​city​ ​of​ ​Loja,​ ​Loja​ ​Province,​ ​Ecuador.​ ​Samples​ ​were​ ​collected​ ​between 
8:30AM​ ​and​ ​6PM​ ​from​ ​November​ ​14​ ​to​ ​November​ ​24,​ ​2017.​ ​6​ ​sample​ ​sites​ ​were​ ​chosen,​ ​with 
site​ ​1​ ​at​ ​the​ ​higher​ ​elevation​ ​within​ ​each​ ​stream​ ​and​ ​site​ ​2​ ​at​ ​a​ ​lower​ ​elevation.​ ​These​ ​sites 
corresponded​ ​with​ ​study​ ​sites​ ​from​ ​a​ ​previous​ ​stream​ ​health​ ​study​ ​on​ ​vegetation​ ​cover​ ​and 
macroinvertebrates​ ​(Iñiguez-Armijos​ ​et.​ ​al.,​ ​2016).​ ​Streams​ ​San​ ​Simon​ ​and​ ​El​ ​Carmen​ ​are​ ​both 
first​ ​order​ ​streams,​ ​which​ ​join​ ​at​ ​lower​ ​elevation​ ​to​ ​form​ ​the​ ​second​ ​order​ ​section​ ​of​ ​Río​ ​Zamora. 
These​ ​two​ ​are​ ​considered​ ​the​ ​“Upper​ ​Río​ ​Zamora​ ​Watershed”​ ​for​ ​this​ ​project.​ ​Minas,​ ​a​ ​stream 
located​ ​about​ ​5​ ​km​ ​north​ ​of​ ​Río​ ​Zamora​ ​Site​ ​2,​ ​is​ ​a​ ​first​ ​order​ ​stream​ ​with​ ​headwaters​ ​outside​ ​of 
MdP​ ​and​ ​more​ ​urbanization​ ​along​ ​the​ ​river.​ ​Minas​ ​was​ ​selected​ ​for​ ​collecting​ ​macroinvertebrate 
data​ ​as​ ​a​ ​comparison​ ​to​ ​the​ ​other​ ​first​ ​order​ ​streams.​ ​Macroinvertebrate​ ​data​ ​was​ ​collected​ ​once 
from​ ​a​ ​higher​ ​elevation​ ​site​ ​and​ ​a​ ​lower​ ​elevation​ ​site​ ​within.​ ​Minas​ ​feeds​ ​into​ ​Río​ ​Zamora 
further​ ​north​ ​of​ ​El​ ​Carmen​ ​and​ ​San​ ​Simon,​ ​and​ ​should​ ​be​ ​more​ ​polluted​ ​than​ ​either​ ​first​ ​order 
stream​ ​given​ ​its​ ​higher​ ​rate​ ​of​ ​urbanization. 
To​ ​determine​ ​discharge,​ ​a​ ​representative​ ​cross​ ​section​ ​of​ ​the​ ​river​ ​was​ ​measured​ ​at​ ​each 
site​ ​using​ ​50​ ​m​ ​measuring​ ​tape.​ ​Stream​ ​depth​ ​was​ ​also​ ​measured​ ​at​ ​3​ ​points​ ​along​ ​the​ ​cross 
section.​ ​Velocity​ ​was​ ​measured​ ​by​ ​timing​ ​how​ ​long​ ​it​ ​took​ ​a​ ​leaf​ ​to​ ​flow​ ​1m​ ​downstream​ ​in​ ​the 
approximate​ ​middle​ ​of​ ​the​ ​cross​ ​section.​ ​Water​ ​temperature​ ​was​ ​recorded​ ​in​ ​the​ ​middle​ ​of​ ​the 
cross​ ​section​ ​and​ ​approximate​ ​weather​ ​was​ ​also​ ​recorded​ ​for​ ​each​ ​site. 
 








Figure​ ​2.​ ​​Example​ ​sketch​ ​of​ ​discharge​ ​measurements.​ ​(Sketch​ ​by​ ​Isabel​ ​Ryde). 
 
3​ ​prominent​ ​riffles​ ​were​ ​selected​ ​from​ ​across​ ​length​ ​of​ ​the​ ​cross​ ​section​ ​measured​ ​at​ ​each 
site.​ ​At​ ​each​ ​riffle,​ ​the​ ​researcher​ ​pulled​ ​a​ ​rock​ ​out​ ​from​ ​the​ ​substrate​ ​for​ ​the​ ​first​ ​sample​ ​and 
then​ ​used​ ​tweezers​ ​to​ ​gently​ ​remove​ ​macroinvertebrates​ ​adhered​ ​to​ ​the​ ​rocks.​ ​For​ ​the​ ​second 
sample​ ​at​ ​each​ ​riffle,​ ​the​ ​researcher​ ​kicked​ ​up​ ​sediment​ ​from​ ​the​ ​substrate​ ​for​ ​15​ ​seconds​ ​while 
holding​ ​a​ ​17-cm​ ​sifter​ ​directly​ ​in​ ​front​ ​of​ ​her​ ​boots.​ ​Two​ ​sampling​ ​methods​ ​were​ ​used​ ​in​ ​order​ ​to 
capture​ ​both​ ​macroinvertebrates​ ​living​ ​in​ ​the​ ​bedload​ ​sediment​ ​and​ ​macroinvertebrates​ ​more 
commonly​ ​adhered​ ​to​ ​larger​ ​rocks.​ ​Each​ ​riffle​ ​was​ ​sampled​ ​with​ ​the​ ​“rock​ ​method”​ ​and​ ​the 
“kick​ ​method”​ ​for​ ​a​ ​total​ ​of​ ​2​ ​collections​ ​at​ ​each​ ​riffle​ ​and​ ​6​ ​collections​ ​at​ ​each​ ​site.​ ​These 
methods,​ ​sourced​ ​​ ​from​ ​the​ ​Environmental​ ​Protection​ ​Agency’s​ ​Watershed​ ​Science​ ​Institute, 
were​ ​modified​ ​to​ ​better​ ​sample​ ​the​ ​rock-dwelling​ ​macroinvertebrates​ ​present​ ​at​ ​each​ ​site 
(Watershed​ ​Science​ ​Institute).  
Macroinvertebrates​ ​were​ ​pulled​ ​from​ ​both​ ​samples​ ​using​ ​tweezers​ ​and​ ​individually 
placed​ ​in​ ​a​ ​compartment​ ​within​ ​an​ ​ice​ ​cube​ ​tray.​ ​The​ ​tray​ ​was​ ​filled​ ​with​ ​water​ ​in​ ​every 
compartment​ ​to​ ​keep​ ​the​ ​specimens​ ​alive.​ ​Specimens​ ​were​ ​identified​ ​using​ ​the​ ​​Natural​ ​Science 
Academy​ ​of​ ​Philadelphia’s​ ​Stream​ ​Identification​ ​Kit​ ​​and​ ​the​ ​Ecuadorian​ ​government’s 
macroinvertebrate​ ​identification​ ​guide​ ​in​ ​the​ ​field.​ ​Specimens​ ​were​ ​identified​ ​to​ ​the​ ​level​ ​of 
order.​ ​Specimens​ ​were​ ​returned​ ​to​ ​the​ ​stream​ ​immediately​ ​after​ ​identification​ ​to​ ​avoid​ ​harm.  
Macroinvertebrates​ ​samples​ ​were​ ​collected​ ​from​ ​the​ ​6​ ​sites​ ​in​ ​San​ ​Simon,​ ​El​ ​Carmen,​ ​and​ ​Río 
Zamora​ ​3​ ​times​ ​each.​ ​Sites​ ​at​ ​Minas​ ​were​ ​only​ ​sampled​ ​once​ ​as​ ​a​ ​comparison​ ​to​ ​the​ ​primary 
sites.  
Geologic​ ​data​ ​was​ ​collected​ ​from​ ​roadcut​ ​outcrops​ ​located​ ​along​ ​roads​ ​and​ ​trails, 
primarily​ ​Sendero​ ​del​ ​Oso,​ ​Sendero​ ​de​ ​los​ ​Romerillos,​ ​and​ ​the​ ​dirt​ ​roads​ ​between​ ​Río​ ​Zamora, 
the​ ​reserve,​ ​and​ ​El​ ​Carmen.​ ​Data​ ​was​ ​collected​ ​by​ ​observing​ ​and​ ​photographing​ ​outcrops​ ​that 
showed​ ​representative​ ​or​ ​unusual​ ​geologic​ ​features​ ​for​ ​the​ ​area.​ ​This​ ​methodology​ ​follows 
standard​ ​procedure​ ​for​ ​geologic​ ​studies​ ​(Reynolds​ ​et.​ ​al.,​ ​2010). 
Statistical​ ​relationships​ ​between​ ​variables​ ​at​ ​each​ ​site​ ​were​ ​calculated​ ​using​ ​ANOVA​ ​and 







Figure​ ​3.​ ​​Map​ ​of​ ​macroinvertebrate​ ​sample​ ​sites​ ​in​ ​and​ ​around​ ​Madrigal​ ​del​ ​Podocarpus 
reserve,​ ​Loja​ ​Province,​ ​Ecuador.​ ​First-order​ ​streams​ ​El​ ​Carmen​ ​and​ ​San​ ​Simon​ ​feed​ ​into 
second-order​ ​Río​ ​Zamora.​ ​Minas​ ​is​ ​a​ ​first-order​ ​stream​ ​that​ ​also​ ​feeds​ ​into​ ​Río​ ​Zamora,​ ​but 
further​ ​downstream.​ ​Streams​ ​flow​ ​roughly​ ​S​ ​to​ ​N​ ​(Garmin​ ​BaseCamp,​ ​2016). 
 
Results 
Geology​ ​and​ ​Hydrology 
The​ ​most​ ​notable​ ​geologic​ ​feature​ ​in​ ​MdP,​ ​as​ ​in​ ​most​ ​of​ ​Ecuador,​ ​is​ ​the​ ​Andes 
Mountains.​ ​The​ ​Central​ ​Andes​ ​formed​ ​through​ ​subduction​ ​of​ ​the​ ​Nazca​ ​Plate​ ​underneath​ ​the 
South​ ​American​ ​Plate,​ ​beginning​ ​about​ ​40​ ​million​ ​years​ ​ago​ ​during​ ​the​ ​Eocene​ ​period​ ​(Graham, 
2009).​ ​Though​ ​the​ ​Andes​ ​are​ ​still​ ​uplifting​ ​and​ ​tectonically​ ​active,​ ​the​ ​portion​ ​of​ ​the​ ​range​ ​in 
Southern​ ​Ecuador​ ​is​ ​not​ ​(Lamb​ ​and​ ​Davis,​ ​2003).​ ​However,​ ​large-scale​ ​stresses​ ​along​ ​the​ ​South 
American​ ​continental​ ​margins​ ​created​ ​tectonic​ ​stresses​ ​that​ ​extended​ ​throughout​ ​the​ ​Pacific 
coast​ ​after​ ​the​ ​Andes’​ ​initial​ ​uplift​ ​(Graham,​ ​2009).​ ​From​ ​2016-2017,​ ​Loja​ ​experienced​ ​14 
earthquakes​ ​over​ ​magnitude​ ​1.5​ ​(Earthquake​ ​Track,​ ​2017).​ ​Thus,​ ​large-scale​ ​geologic​ ​stresses 
are​ ​still​ ​occurring​ ​in​ ​the​ ​area​ ​of​ ​study. 
Although​ ​most​ ​of​ ​Ecuador​ ​was​ ​unaffected​ ​by​ ​the​ ​last​ ​glacial​ ​maximum,​ ​the​ ​area​ ​around 
MdP​ ​and​ ​the​ ​rest​ ​of​ ​the​ ​Ecuadorian​ ​Andes​ ​experienced​ ​glaciation​ ​and​ ​later​ ​glacial​ ​erosion​ ​about 






this​ ​elevation​ ​left​ ​behind​ ​the​ ​water​ ​that​ ​would​ ​eventually​ ​become​ ​the​ ​water​ ​table.​ ​Although 
MdP’s​ ​basement​ ​rock​ ​is​ ​igneous,​ ​abundant​ ​vegetation​ ​alongside​ ​the​ ​streams​ ​indicates​ ​that​ ​there 
is​ ​no​ ​present-day​ ​pervasive​ ​igneous​ ​activity​ ​below​ ​these​ ​mountains​ ​(Iñigues-Armijos​ ​et.​ ​al., 
2014).​ ​Thus,​ ​these​ ​mountains​ ​in​ ​and​ ​around​ ​MdP​ ​indicate​ ​years​ ​of​ ​geologic​ ​stability,​ ​where 
layers​ ​of​ ​sediment​ ​could​ ​be​ ​deposited​ ​and​ ​eroded​ ​by​ ​air​ ​and​ ​water​ ​without​ ​volcanic​ ​eruptions. 
Loja​ ​is​ ​located​ ​at​ ​the​ ​intersection​ ​of​ ​two​ ​principal​ ​rock​ ​types--​ ​Cretaceous​ ​to​ ​Tertiary​ ​volcanics 
(that​ ​formed​ ​between​ ​144-1.8​ ​million​ ​years​ ​ago)​ ​and​ ​Tertiary​ ​(65-1.8​ ​million​ ​years​ ​ago) 
sediments​ ​(Longo​ ​and​ ​Baldock,​ ​1982).​ ​This​ ​intersection​ ​relates​ ​to​ ​how​ ​the​ ​igneous​ ​mountains 
experience​ ​more​ ​erosion​ ​from​ ​their​ ​location​ ​at​ ​higher​ ​elevation​ ​than​ ​the​ ​valley. 
Contrary​ ​to​ ​the​ ​hypothesis,​ ​this​ ​tectonic​ ​history​ ​is​ ​well​ ​preserved​ ​in​ ​outcrop​ ​along​ ​the 
streams​ ​in​ ​MdP.​ ​Outcrops​ ​along​ ​the​ ​side​ ​of​ ​the​ ​stream​ ​display​ ​preserved​ ​unidirectional​ ​ripple 
marks,​ ​which​ ​indicate​ ​that​ ​water​ ​flowed​ ​in​ ​a​ ​similar​ ​spot​ ​at​ ​least​ ​several​ ​million​ ​years​ ​ago. 
Outcrops​ ​show​ ​a​ ​transition​ ​from​ ​weak​ ​climbing​ ​ripples​ ​to​ ​tabular​ ​planar​ ​bedding,​ ​indicating​ ​an 
increase​ ​in​ ​flow​ ​energy​ ​(Figure​ ​5).​ ​At​ ​higher​ ​elevations​ ​(San​ ​Simon​ ​Site​ ​1​ ​and​ ​El​ ​Carmen​ ​Site 
1),​ ​the​ ​stream​ ​bed​ ​consists​ ​primarily​ ​of​ ​well​ ​indurated​ ​and​ ​well​ ​rounded​ ​metamorphic​ ​rocks.​ ​The 
metamorphic​ ​stream​ ​bed​ ​is​ ​comprised​ ​of​ ​layers​ ​that​ ​had​ ​been​ ​contact​ ​metamorphosed​ ​by​ ​the 
volcanic​ ​uplift​ ​of​ ​the​ ​mountains​ ​around​ ​MdP​ ​approximately​ ​15​ ​million​ ​years​ ​ago​ ​(Graham, 
2009).​ ​Given​ ​that​ ​ancient​ ​stream​ ​markers​ ​are​ ​preserved​ ​in​ ​outcrop,​ ​it​ ​follows​ ​that​ ​the​ ​stream 
would​ ​have​ ​first​ ​eroded​ ​away​ ​the​ ​igneous​ ​volcanic​ ​rock,​ ​and​ ​the​ ​metamorphic​ ​sediment​ ​is​ ​what 
remains​ ​after​ ​millions​ ​of​ ​years​ ​of​ ​erosion.​ ​The​ ​sediment​ ​records​ ​which​ ​rock​ ​layer​ ​the​ ​stream 
water​ ​eroded​ ​into.​ ​Igneous​ ​rock​ ​is​ ​not​ ​visible​ ​anywhere​ ​alongside​ ​the​ ​stream,​ ​contrary​ ​to​ ​the 
hypothesis.​ ​However,​ ​since​ ​water​ ​has​ ​been​ ​flowing​ ​through​ ​this​ ​area​ ​in​ ​the​ ​geologic​ ​past,​ ​it​ ​is 
logical​ ​that​ ​the​ ​flowing​ ​water​ ​would​ ​erode​ ​the​ ​volcanic​ ​rock​ ​in​ ​the​ ​stream​ ​before​ ​depositing 
sediment. 
The​ ​stream​ ​outcrops​ ​also​ ​record​ ​two​ ​different​ ​groups​ ​of​ ​angled​ ​beds,​ ​with​ ​one​ ​dipping 
SE​ ​and​ ​the​ ​other​ ​dipping​ ​NW​ ​(Figure​ ​4).​ ​In​ ​accordance​ ​with​ ​Steno’s​ ​law​ ​of​ ​original 
horizontality,​ ​these​ ​angled​ ​beds​ ​demonstrate​ ​that​ ​the​ ​outcrop​ ​experienced​ ​4​ ​separate​ ​tectonic 
events.​ ​These​ ​events​ ​were​ ​1)​ ​depositing​ ​the​ ​shale​ ​horizontally,​ ​2)​ ​tilting​ ​the​ ​shale​ ​so​ ​it​ ​was 
dipping​ ​SE,​ ​3)​ ​tilting​ ​the​ ​strata​ ​in​ ​the​ ​hiatus​ ​between​ ​tilting​ ​the​ ​shale​ ​and​ ​depositing​ ​the 
sandstone,​ ​and​ ​4)​ ​tilting​ ​the​ ​sandstone.​ ​This​ ​mirrors​ ​the​ ​different​ ​tectonic​ ​histories​ ​that​ ​are 







Figure​ ​4.​ ​​Outcrop​ ​showing​ ​smaller-scale​ ​ripples​ ​(above​ ​the​ ​hammer​ ​handle)​ ​moving​ ​from​ ​left​ ​to 
right​ ​in​ ​the​ ​picture.​ ​(Photo​ ​by​ ​Isabel​ ​Ryde). 
 
Figure​ ​5.​ ​​Outcrop​ ​showing​ ​ripple​ ​marks​ ​moving​ ​from​ ​the​ ​top​ ​left​ ​to​ ​the​ ​bottom​ ​right​ ​of​ ​the 
picture​ ​(around​ ​the​ ​hammer).​ ​Ripples​ ​transition​ ​from​ ​loosely​ ​climbing​ ​to​ ​tabular​ ​planar, 








Figure​ ​6.​ ​​Outcrop​ ​along​ ​the​ ​Las​ ​Lagunas​ ​trail​ ​demonstrating​ ​the​ ​unit​ ​contact​ ​between​ ​the​ ​poorly 
indurated​ ​orange-tan​ ​sandstone​ ​(top​ ​right,​ ​above​ ​the​ ​handle​ ​of​ ​the​ ​hammer)​ ​and​ ​the​ ​heavily 
weathered​ ​shale​ ​(bottom​ ​left,​ ​below​ ​the​ ​head​ ​of​ ​the​ ​hammer).​ ​Note​ ​that​ ​the​ ​sandstone​ ​and​ ​shale 
are​ ​tilted​ ​in​ ​different​ ​directions.​ ​(Photo​ ​by​ ​Isabel​ ​Ryde). 
 
Figure​ ​7.​ ​​A​ ​stream​ ​bank​ ​along​ ​Río​ ​Zamora​ ​shows​ ​well​ ​rounded​ ​pebble​ ​to​ ​cobble-sized​ ​clasts 
within​ ​a​ ​gray​ ​sandstone​ ​matrix.​ ​The​ ​clasts​ ​somewhat​ ​coarsen​ ​upward​ ​within​ ​the​ ​bed​ ​(reverse 
grading),​ ​which​ ​indicates​ ​an​ ​increase​ ​in​ ​flow​ ​velocity.​ ​Due​ ​to​ ​the​ ​less​ ​indurated​ ​clasts,​ ​the 








Figure​ ​8.​ ​​Stream​ ​bank​ ​along​ ​Río​ ​Zamora​ ​showing​ ​a​ ​contact​ ​between​ ​the​ ​gray​ ​shale​ ​layer​ ​(top 
half​ ​of​ ​photo)​ ​and​ ​the​ ​weathered​ ​orange-tan​ ​sandstone​ ​(bottom​ ​half​ ​of​ ​photo),​ ​with​ ​orange 
measuring​ ​tape​ ​and​ ​machete​ ​for​ ​scale.​ ​Both​ ​layers​ ​are​ ​very​ ​highly​ ​weathered.​ ​Photo​ ​by​ ​Isabel 
Ryde. 
 
Figure​ ​9.​ ​​Topographic​ ​map​ ​with​ ​locations​ ​of​ ​the​ ​streams​ ​(“quebradas”).​ ​Note​ ​the​ ​change​ ​in 
elevation​ ​from​ ​the​ ​pink​ ​areas​ ​(2600-2800​ ​m)​ ​to​ ​the​ ​blue​ ​areas​ ​(2000-2200​ ​m)​ ​and​ ​the​ ​narrow 







In​ ​mountainous​ ​areas​ ​where​ ​soils​ ​are​ ​thinner,​ ​more​ ​rainwater​ ​will​ ​run​ ​off​ ​directly​ ​into​ ​the 
stream​ ​than​ ​will​ ​absorb​ ​into​ ​the​ ​soil​ ​(British​ ​Geological​ ​Survey,​ ​2013).​ ​This​ ​explains​ ​why​ ​the 
stream​ ​is​ ​permanent,​ ​even​ ​during​ ​eras​ ​of​ ​low​ ​precipitation.​ ​Additionally,​ ​MdP​ ​is​ ​located​ ​within 
the​ ​windward​ ​side​ ​of​ ​a​ ​small​ ​scale​ ​Andean​ ​rain​ ​shadow.​ ​Condensing​ ​precipitation​ ​cannot​ ​rise 
easily​ ​over​ ​the​ ​foothills​ ​located​ ​on​ ​either​ ​side​ ​of​ ​MdP,​ ​causing​ ​short​ ​but​ ​consistent​ ​rain​ ​showers 
even​ ​during​ ​the​ ​dry​ ​season.​ ​The​ ​cloud​ ​forest​ ​within​ ​MdP​ ​also​ ​helps​ ​keep​ ​the​ ​streams​ ​flowing, 
because​ ​the​ ​tall​ ​trees​ ​and​ ​their​ ​many​ ​epiphytes​ ​help​ ​capture​ ​some​ ​of​ ​the​ ​abundant​ ​precipitation 
that​ ​might​ ​otherwise​ ​evaporate​ ​into​ ​the​ ​mountain​ ​air.​ ​Even​ ​though​ ​the​ ​stream​ ​is​ ​fed​ ​by​ ​a​ ​high 
altitude​ ​spring,​ ​which​ ​typically​ ​have​ ​limited​ ​amounts​ ​of​ ​water,​ ​precipitation​ ​from​ ​the​ ​windward 
location​ ​and​ ​vegetation​ ​capturing​ ​water​ ​before​ ​it​ ​evaporates​ ​all​ ​contribute​ ​to​ ​keeping​ ​the 
MdP-fed​ ​streams​ ​flowing​ ​throughout​ ​the​ ​year.  
The​ ​highest​ ​permanent​ ​spring​ ​within​ ​the​ ​watershed​ ​area​ ​indicates​ ​where​ ​the​ ​underground 
water​ ​table​ ​is​ ​located​ ​within​ ​the​ ​stratigraphic​ ​column​ ​(British​ ​Geological​ ​Survey,​ ​2013).​ ​This 
table​ ​San​ ​Simon​ ​is​ ​located​ ​surprisingly​ ​low​ ​within​ ​the​ ​watershed​ ​area,​ ​at​ ​2338​ ​m​ ​(compared​ ​to 
MdP’s​ ​highest​ ​elevation​ ​at​ ​3330​ ​m).​ ​Although​ ​the​ ​watershed​ ​map​ ​shows​ ​several​ ​smaller 
first-order​ ​streams​ ​at​ ​a​ ​higher​ ​elevation​ ​than​ ​this​ ​San​ ​Simon​ ​spring​ ​(henceforth​ ​“MdP​ ​source 
spring”),​ ​they​ ​represent​ ​drainage​ ​channels​ ​during​ ​the​ ​rainy​ ​season​ ​and​ ​are​ ​not​ ​permanent 
throughout​ ​the​ ​year.​ ​If​ ​these​ ​higher​ ​streams​ ​are​ ​not​ ​permanent,​ ​they​ ​only​ ​represent​ ​runoff​ ​from 
rainwater​ ​and​ ​do​ ​not​ ​represent​ ​the​ ​surface-level​ ​expression​ ​of​ ​the​ ​water​ ​table​ ​(Jefferson​ ​County 
Planning​ ​and​ ​Zoning​ ​Department,​ ​2002).​ ​The​ ​rock​ ​hosting​ ​the​ ​MdP​ ​source​ ​spring​ ​(and​ ​thus​ ​the 
water​ ​table)​ ​is​ ​a​ ​well​ ​indurate​ ​siltstone​ ​with​ ​weak​ ​slaty​ ​cleavage​ ​and​ ​a​ ​slate​ ​gray​ ​color​ ​that 
weathers​ ​to​ ​orange-tan.​ ​This​ ​layer​ ​is​ ​easily​ ​visible​ ​throughout​ ​Upper​ ​Río​ ​Zamora​ ​stream​ ​banks​ ​at 
all​ ​elevations,​ ​but​ ​the​ ​outcrop​ ​by​ ​the​ ​highest​ ​spring​ ​is​ ​much​ ​better​ ​indurated​ ​than​ ​the​ ​outcrop​ ​of 
the​ ​same​ ​layer​ ​seen​ ​on​ ​the​ ​stream​ ​banks.​ ​The​ ​San​ ​Simon​ ​spring​ ​is​ ​located​ ​at​ ​a​ ​very​ ​shallow 
depth--​ ​the​ ​pipe​ ​is​ ​only​ ​about​ ​30​ ​cm​ ​deep.  
 
Figure​ ​10.​ ​​The​ ​highest​ ​permanent​ ​spring​ ​within​ ​the​ ​San​ ​Simon​ ​watershed,​ ​located​ ​at​ ​elevation 
2338​ ​m​ ​off​ ​the​ ​Sendero​ ​del​ ​Oso​ ​path​ ​(latitude​ ​-04˚02.648,​ ​longitude​ ​-79˚10.597).​ ​The​ ​“outcrop” 
is​ ​located​ ​just​ ​below​ ​the​ ​wooden​ ​wall,​ ​which​ ​shows​ ​the​ ​weathered​ ​orange-tan​ ​sandstone​ ​seen​ ​at 






the​ ​water​ ​flowing​ ​through​ ​it.​ ​The​ ​green​ ​box​ ​keeps​ ​leaves​ ​from​ ​being​ ​pulled​ ​into​ ​the​ ​black​ ​pipe, 
which​ ​eventually​ ​supplies​ ​water​ ​to​ ​the​ ​MdP​ ​research​ ​station.​ ​(Photo​ ​by​ ​Isabel​ ​Ryde). 
 
In​ ​accordance​ ​with​ ​the​ ​rule​ ​of​ ​Vs,​ ​the​ ​“V”s​ ​on​ ​the​ ​topographic​ ​map​ ​of​ ​Loja​ ​Province​ ​in 
the​ ​San​ ​Simon​ ​stream​ ​dip​ ​downstream,​ ​but​ ​at​ ​a​ ​lower​ ​angle​ ​than​ ​the​ ​stream​ ​gradient.​ ​From​ ​San 
Simon​ ​Site​ ​1​ ​to​ ​San​ ​Simon​ ​Site​ ​2,​ ​there​ ​is​ ​a​ ​-81​ ​m​ ​elevation​ ​difference.​ ​From​ ​El​ ​Carmen​ ​Site​ ​1 
to​ ​El​ ​Carmen​ ​Site​ ​2,​ ​the​ ​elevation​ ​difference​ ​is​ ​-60​ ​m.​ ​From​ ​San​ ​Simon​ ​Site​ ​2​ ​(which​ ​is​ ​located 
right​ ​before​ ​El​ ​Carmen​ ​and​ ​San​ ​Simon​ ​join​ ​together)​ ​to​ ​Río​ ​Zamora​ ​Site​ ​2,​ ​there​ ​is​ ​only​ ​a​ ​-20​ ​m 
elevation​ ​difference.​ ​Because​ ​of​ ​this​ ​elevation​ ​gradient​ ​and​ ​steep​ ​hills​ ​on​ ​either​ ​sides​ ​of​ ​the 
streams,​ ​the​ ​stream​ ​channels​ ​are​ ​straight,​ ​with​ ​no​ ​obvious​ ​cut​ ​banks​ ​or​ ​point​ ​bars.​ ​The​ ​banks​ ​are 
also​ ​steep​ ​and​ ​show​ ​outcrops​ ​beneath​ ​the​ ​vegetation​ ​and​ ​O​ ​horizon​ ​(Figure​ ​5).​ ​Given​ ​that​ ​all​ ​of 
the​ ​sites​ ​have​ ​large​ ​clasts​ ​(pebble​ ​to​ ​cobble​ ​sized),​ ​the​ ​water​ ​is​ ​fast​ ​moving​ ​enough​ ​to​ ​carry 
larger​ ​sediment,​ ​but​ ​doesn’t​ ​weather​ ​the​ ​sediment​ ​enough​ ​to​ ​have​ ​a​ ​substrate​ ​of​ ​just​ ​sand.  
Hydrology​ ​is​ ​directly​ ​related​ ​to​ ​macroinvertebrates​ ​and​ ​water​ ​quality​ ​because​ ​the 
qualities​ ​of​ ​rock​ ​layers​ ​directly​ ​affect​ ​discharge.​ ​Discharge​ ​directly​ ​affects​ ​dissolved​ ​oxygen, 
which​ ​then​ ​affects​ ​macroinvertebrates.​ ​Although​ ​the​ ​rock​ ​layers​ ​are​ ​heavily​ ​weathered,​ ​in​ ​hand 
sample​ ​the​ ​clasts​ ​are​ ​well​ ​indurated.​ ​Coupled​ ​with​ ​the​ ​fact​ ​that​ ​mountainous​ ​soil​ ​tends​ ​to​ ​divert 
water​ ​instead​ ​of​ ​absorbing​ ​into​ ​the​ ​soil,​ ​the​ ​well-indurated​ ​rocks​ ​keep​ ​potential​ ​pollutants​ ​from 
absorbing​ ​into​ ​the​ ​water​ ​table.​ ​The​ ​range​ ​of​ ​elevation​ ​and​ ​the​ ​steep​ ​hills​ ​(as​ ​seen​ ​on​ ​the 
topographic​ ​map)​ ​act​ ​as​ ​a​ ​funnel​ ​for​ ​the​ ​rainfall​ ​and​ ​spring​ ​water​ ​that​ ​begins​ ​in​ ​the​ ​high​ ​altitude 
parts​ ​of​ ​MdP.​ ​Therefore,​ ​even​ ​in​ ​periods​ ​of​ ​minimal​ ​rainfall,​ ​like​ ​the​ ​month​ ​of​ ​November,​ ​the 
stream​ ​still​ ​moves​ ​with​ ​high​ ​velocity​ ​and​ ​a​ ​high​ ​volume​ ​discharge. 
 
Macroinvertebrates 
Table​ ​1.​ ​​Site​ ​characterizations​ ​for​ ​the​ ​8​ ​sites​ ​where​ ​macroinvertebrates​ ​were​ ​sampled.​ ​(All 
photos​ ​taken​ ​by​ ​Isabel​ ​Ryde). 
Site Characterization 
San​ ​Simon​ ​Site​ ​1 
 
● First​ ​order​ ​stream 
● Highest​ ​up,​ ​cleanest​ ​site 
● Coarse​ ​sediment​ ​(pebble​ ​to​ ​cobble​ ​size) 
● Overhanging​ ​vegetation 
● Latitude​ ​-04˚02.427’​ ​Longitude​ ​-79˚10.494’  






San​ ​Simon​ ​Site​ ​2 
 
● First​ ​order​ ​stream 
● Only​ ​one​ ​riffle 
● Deep​ ​water​ ​(over​ ​30​ ​cm) 
● Almost​ ​no​ ​loose​ ​sediment​ ​(almost​ ​entirely​ ​cobble 
sized​ ​rocks) 
● Site​ ​appears​ ​reinforced​ ​by​ ​human-​ ​larger​ ​rocks 
combined​ ​into​ ​one​ ​waterfall​ ​and​ ​riffle 
● Heavily​ ​vegetated,​ ​including​ ​large​ ​branches​ ​reaching 
over​ ​the​ ​site 
● Located​ ​downstream​ ​from​ ​several​ ​farms,​ ​including​ ​a 
large​ ​chicken​ ​farm 
● Latitude​ ​-04˚01.817’​ ​Longitude​ ​-79˚10.816’ 
● Elevation​ ​2144​ ​m 
El​ ​Carmen​ ​Site​ ​1 
 
● First​ ​order​ ​stream 
● Site​ ​is​ ​directly​ ​downstream​ ​of​ ​an​ ​ecological 
protection​ ​area 
● Sediment​ ​is​ ​finer​ ​(sand​ ​to​ ​cobble​ ​sized,​ ​average​ ​clast 
15​ ​cm​ ​across) 
● Mostly​ ​metamorphic​ ​rocks 
● Latitude​ ​-04˚01.972’​ ​Longitude​ ​-79˚10.039 
● Elevation​ ​2215​ ​m 
El​ ​Carmen​ ​Site​ ​2 
 
● First​ ​order​ ​stream 
● Human​ ​reinforcement​ ​(fenced​ ​in​ ​rocks​ ​along​ ​the 
riverbank) 
● Sediment​ ​sand​ ​to​ ​cobble​ ​sized,​ ​sub-rounded 
● Downstream​ ​of​ ​cow​ ​pasture 
● Less​ ​abundant​ ​vegetation 
● Samples​ ​taken​ ​between​ ​2​ ​small​ ​stone​ ​dams 
● Latitude​ ​-04˚01.757’​ ​Longitude​ ​-79˚10.753 






Río​ ​Zamora​ ​Site​ ​1 
 
 
● Second​ ​order​ ​stream​ ​(combination​ ​of​ ​El​ ​Carmen​ ​and 
San​ ​Simon) 
● Abundant,​ ​thick​ ​vegetation 
● Sediment​ ​bed​ ​of​ ​sand​ ​with​ ​cobble​ ​sized​ ​clasts​ ​above 
● Latitude​ ​-04˚00.888’​ ​Longitude​ ​-04˚01.411’ 
● Elevation​ ​2138​ ​m 
Río​ ​Zamora​ ​Site​ ​2 
 
 
● Second​ ​order​ ​stream​ ​(combination​ ​of​ ​El​ ​Carmen​ ​and 
San​ ​Simon) 
● Sediment​ ​largely​ ​pebble​ ​to​ ​cobble​ ​sized 
● Directly​ ​downstream​ ​from​ ​a​ ​small​ ​U-shaped 
concrete​ ​dam 
● Latitude​ ​-04˚01.411’​ ​Longitude​ ​-79˚11.004’ 
● Elevation​ ​2124​ ​m 
Minas​ ​Site​ ​1 
 
● First​ ​order​ ​stream​ ​that​ ​joins​ ​Río​ ​Zamora​ ​further 
downstream 
● Sediment​ ​sand​ ​to​ ​cobble​ ​sized,​ ​well​ ​rounded 
● Prominent​ ​ripples 
● Latitude​ ​-04˚​ ​02.827’​ ​Longitude​ ​-79˚10.185 
● Elevation​ ​2165​ ​m 







● Sediment​ ​larger​ ​(pebble​ ​to​ ​cobble​ ​sized​ ​with​ ​a​ ​thin 
layer​ ​of​ ​weathered​ ​sand) 
● Across​ ​the​ ​street​ ​from​ ​houses​ ​and​ ​farms 
● Latitude​ ​-04˚00.212’​ ​Longitude​ ​-79˚11.068 






Figure​ ​11.​ ​​BMWP/Col​ ​indexes​ ​sorted​ ​by​ ​site​ ​and​ ​sample.​ ​Using​ ​the​ ​BMWP/Col​ ​index,​ ​rivers 
are​ ​considered​ ​to​ ​have​ ​very​ ​good​ ​quality​ ​water​ ​if​ ​their​ ​total​ ​score​ ​is​ ​over​ ​150.​ ​Some​ ​scores​ ​are 
not​ ​whole​ ​numbers​ ​because​ ​the​ ​scores​ ​for​ ​each​ ​Ephemeroptera,​ ​Plecoptera,​ ​and​ ​Trichoptera 







Figure​ ​12.​ ​​Plot​ ​of​ ​the​ ​number​ ​of​ ​EPT​ ​taxa​ ​found​ ​per​ ​each​ ​sample​ ​and​ ​the​ ​rate​ ​of​ ​discharge. 
Discharge​ ​and​ ​EPT​ ​taxa​ ​are​ ​weakly​ ​positively​ ​correlated​ ​(2​ ​tail​ ​p=0.03,​ ​r​2​=0.22). 
 
 
Figure​ ​13.​ ​​Comparison​ ​of​ ​#​ ​EPT​ ​taxa​ ​at​ ​each​ ​sample​ ​compared​ ​to​ ​temperature,​ ​with​ ​a​ ​4​th​ ​​degree 








Figure​ ​14.​ ​​Stream​ ​discharge​ ​sorted​ ​by​ ​side.​ ​Note​ ​that​ ​there​ ​is​ ​variation​ ​between​ ​sampling​ ​days 
at​ ​the​ ​same​ ​site,​ ​which​ ​is​ ​due​ ​to​ ​weather​ ​(mostly​ ​precipitation)​ ​and​ ​anthropogenic​ ​disturbance 
(the​ ​Río​ ​Zamora​ ​sites​ ​were​ ​downstream​ ​from​ ​a​ ​construction​ ​site​ ​that​ ​was​ ​digging​ ​a​ ​large​ ​hole 
and​ ​releasing​ ​sediment).​ ​The​ ​first​ ​samples​ ​were​ ​collected​ ​the​ ​day​ ​it​ ​rained​ ​and​ ​the​ ​day​ ​after​ ​it 
rained,​ ​which​ ​explains​ ​the​ ​higher​ ​discharge​ ​values.​ ​Variation​ ​between​ ​sites​ ​is​ ​not​ ​statistically 
significant​ ​(p=0.05,​ ​F-statistic=3.06). 
 
Table​ ​2.​ ​​A​ ​comparison​ ​of​ ​the​ ​different​ ​water​ ​quality​ ​classifications​ ​for​ ​all​ ​macroinvertebrates 











Based​ ​on​ ​the​ ​ANOVA​ ​test,​ ​the​ ​data​ ​on​ ​percentage​ ​of​ ​EPT​ ​taxa​ ​indicates​ ​that​ ​there​ ​is​ ​a 
statistically​ ​significant​ ​difference​ ​between​ ​all​ ​of​ ​the​ ​sites.​ ​All​ ​null​ ​hypotheses​ ​are​ ​that​ ​there​ ​is​ ​no 
statistically​ ​significant​ ​difference​ ​between​ ​the​ ​two​ ​variables​ ​listed​ ​for​ ​the​ ​Upper​ ​Río​ ​Zamora 
watershed. 
 
Table​ ​3.​ ​​A​ ​table​ ​of​ ​the​ ​null​ ​hypotheses​ ​and​ ​statistical​ ​tests​ ​to​ ​prove​ ​or​ ​disprove​ ​the​ ​hypotheses. 
Null​ ​Hypothesis Null ANOVA​ ​Results Conclusion 
%EPT​ ​vs.​ ​sample​ ​site Rejected p=0.03,​ ​F-statistic=3.85 Significant​ ​difference​ ​in 
percentage​ ​of​ ​EPT​ ​taxa​ ​at​ ​each 
site. 
Total​ ​#​ ​EPT​ ​vs.​ ​sample​ ​site 
 
Rejected p=0.01,​ ​F-statistic=4.54 Significant​ ​difference​ ​in​ ​the​ ​total 
number​ ​of​ ​EPT​ ​individuals 
found​ ​at​ ​each​ ​site.  
Discharge​ ​vs.​ ​sample​ ​site Accepted p=0.05,​ ​F-statistic=3.06 No​ ​significant​ ​difference​ ​in 
discharge​ ​between​ ​sites.  
#EPT​ ​in​ ​Sites​ ​1​ ​(higher 
elevation)​ ​and​ ​Sites​ ​2 
(lower​ ​elevations)​ ​in​ ​El 
Carmen​ ​and​ ​San​ ​Simon 
Accepted p=0.05,​ ​F-statistic=4.81 No​ ​significant​ ​difference​ ​in 
number​ ​of​ ​EPT​ ​individuals​ ​at 
sites​ ​with​ ​higher​ ​elevation​ ​and 
number​ ​of​ ​EPT​ ​individuals​ ​at 
sites​ ​with​ ​lower​ ​elevations. 
BMWP/Col​ ​vs.​ ​sample​ ​site 
in​ ​the​ ​Upper​ ​Río​ ​Zamora 
Rejected p=0.01,​ ​F-statistic=4.61 Significant​ ​difference​ ​in 
BMWP/Col​ ​scores​ ​per​ ​site. 
 
Relationships​ ​between​ ​variables​ ​(besides​ ​sample​ ​sites)​ ​were​ ​compared​ ​using​ ​regression​ ​analysis. 
The​ ​null​ ​hypotheses​ ​for​ ​all​ ​bivariate​ ​analyses​ ​were​ ​that​ ​the​ ​variables​ ​listed​ ​do​ ​not​ ​have​ ​a 
significant​ ​correlation. 
 
Table​ ​4.​ ​​Comparing​ ​null​ ​hypotheses​ ​with​ ​the​ ​actual​ ​regression​ ​analysis​ ​results. 
Null​ ​Hypothesis Null Regression​ ​Analysis Conclusion 
#​ ​EPT​ ​vs.​ ​discharge 
in​ ​all​ ​streams​ ​(including 
Minas) 
Rejected 2​ ​tail​ ​p=0.03,​ ​r​2​=0.22 #EPT​ ​and​ ​discharge​ ​values​ ​are​ ​weakly 
positively​ ​correlated. 
#​ ​EPT​ ​vs.​ ​temperature 
in​ ​all​ ​streams​ ​(including 
Minas) 







#EPT​ ​vs.​ ​BMWP/Colombia 
Score 
Rejected 2​ ​tail​ ​p=0.00,​ ​r​2​=0.99 Number​ ​of​ ​EPT​ ​and​ ​BMWP/Col​ ​Index 
are​ ​strongly​ ​positively​ ​correlated. 
#EPT​ ​vs.​ ​%EPT Accepted 2​ ​tail​ ​p=0.60,​ ​r​2​=0.02 Number​ ​of​ ​EPT​ ​and​ ​%EPT​ ​are​ ​not 
significantly​ ​correlated. 
%EPT​ ​vs.​ ​BMWP/Col 
Score 




The​ ​difference​ ​in​ ​precision​ ​between​ ​the​ ​EPT​ ​index​ ​and​ ​BMWP/Col​ ​is​ ​evident​ ​in​ ​the 
quality​ ​ratings​ ​of​ ​these​ ​streams.​ ​While​ ​the​ ​EPT​ ​index​ ​varies​ ​somewhat​ ​in​ ​how​ ​the​ ​values​ ​change 
from​ ​site​ ​to​ ​site,​ ​the​ ​BMWP/Col​ ​index​ ​changes​ ​more​ ​and​ ​is​ ​precise​ ​enough​ ​to​ ​indicate​ ​subtle 
changes​ ​specific​ ​to​ ​a​ ​subtropical​ ​index.​ ​The​ ​data​ ​shows​ ​a​ ​difference​ ​in​ ​BMWP/Col​ ​scores​ ​at 
each​ ​site​ ​in​ ​the​ ​Upper​ ​Río​ ​Zamora​ ​watershed​ ​(Figure​ ​11).​ ​(Minas​ ​was​ ​not​ ​compared​ ​in​ ​ANOVA 
because​ ​there​ ​was​ ​only​ ​one​ ​sample​ ​at​ ​each​ ​Minas​ ​site).​ ​​ ​Importantly,​ ​although​ ​each​ ​site​ ​in​ ​the 
shows​ ​a​ ​different​ ​BMWP/Col​ ​score,​ ​any​ ​score​ ​over​ ​150​ ​is​ ​considered​ ​“very​ ​good”​ ​water​ ​quality, 
the​ ​highest​ ​classification​ ​in​ ​the​ ​index.​ ​San​ ​Simon​ ​1,​ ​El​ ​Carmen​ ​1,​ ​and​ ​El​ ​Carmen​ ​2​ ​have​ ​the 
lowest​ ​scores​ ​among​ ​the​ ​6​ ​sites​ ​in​ ​the​ ​Upper​ ​Zamora​ ​Watershed.​ ​The​ ​lowest​ ​score​ ​is​ ​the​ ​second 
sample​ ​of​ ​San​ ​Simon​ ​Site​ ​2,​ ​which​ ​shows​ ​definite​ ​evidence​ ​of​ ​contamination​ ​and​ ​doubtful​ ​water 
quality​ ​(the​ ​third​ ​lowest​ ​out​ ​of​ ​five​ ​water​ ​qualities)​ ​using​ ​the​ ​BMWP/Col​ ​index​ ​and​ ​only​ ​fair 
water​ ​quality​ ​under​ ​the​ ​number​ ​of​ ​EPT​ ​index.​ ​Minas​ ​Site​ ​2​ ​also​ ​has​ ​low​ ​water​ ​quality​ ​under​ ​the 
number​ ​of​ ​EPT​ ​index​ ​and​ ​the​ ​BMWP/Col​ ​index.​ ​Minas​ ​having​ ​low​ ​water​ ​quality​ ​is​ ​actually​ ​a 
good​ ​sign,​ ​because​ ​it​ ​serves​ ​as​ ​an​ ​important​ ​comparison​ ​to​ ​the​ ​Upper​ ​Río​ ​Zamora​ ​sites,​ ​which 
should​ ​be​ ​much​ ​cleaner​ ​(Hugo​ ​Tapia​ ​Castro,​ ​pers.​ ​comm.,​ ​November​ ​22,​ ​2017).​ ​In​ ​addition,​ ​this 
excellent​ ​water​ ​quality​ ​shows​ ​that​ ​airborne​ ​gold​ ​mining​ ​pollution​ ​from​ ​Zamora​ ​Chinchipe 
Province​ ​is​ ​not​ ​an​ ​pressing​ ​issue​ ​within​ ​this​ ​part​ ​of​ ​the​ ​watershed.  
Among​ ​all​ ​sites​ ​studied​ ​(including​ ​Minas),​ ​there​ ​is​ ​no​ ​strong​ ​correlation​ ​between​ ​the 
number​ ​of​ ​EPT​ ​taxa​ ​and​ ​discharge​ ​rates​ ​(Figure​ ​12).​ ​This​ ​lack​ ​of​ ​correlation​ ​contradicts​ ​previous 
research​ ​that​ ​found​ ​a​ ​positive​ ​link​ ​between​ ​dissolved​ ​oxygen​ ​and​ ​number​ ​of​ ​macroinvertebrates. 
The​ ​higher​ ​the​ ​dissolved​ ​oxygen,​ ​the​ ​higher​ ​the​ ​number​ ​of​ ​macroinvertebrates​ ​(Murphy,​ ​2007). 
These​ ​stream​ ​sites​ ​are​ ​all​ ​fairly​ ​to​ ​very​ ​fast​ ​moving​ ​(ranging​ ​from​ ​2.24-21.14​ ​m​3​/s),​ ​which 
creates​ ​lots​ ​of​ ​miniature​ ​waterfalls​ ​that​ ​add​ ​more​ ​dissolved​ ​oxygen​ ​in​ ​the​ ​water.​ ​The​ ​sites​ ​are 
also​ ​all​ ​within​ ​a​ ​mountainous​ ​region,​ ​which​ ​creates​ ​streams​ ​with​ ​high​ ​elevation​ ​gradients​ ​and 
thus​ ​fast-moving​ ​water​ ​(Figure​ ​9).​ ​This​ ​fast​ ​moving​ ​water​ ​has​ ​an​ ​abundance​ ​of​ ​dissolved​ ​oxygen 
and​ ​of​ ​habitat​ ​for​ ​the​ ​macroinvertebrates,​ ​which​ ​likely​ ​explains​ ​why​ ​the​ ​number​ ​of​ ​EPT​ ​taxa​ ​did 
not​ ​correlate​ ​strongly​ ​with​ ​discharge.  
There​ ​is​ ​also​ ​no​ ​strong​ ​correlation​ ​between​ ​the​ ​number​ ​of​ ​EPT​ ​taxa​ ​and​ ​temperature. 
(Figure​ ​13).​ ​This​ ​also​ ​contradicts​ ​previous​ ​studies​ ​that​ ​found​ ​dissolved​ ​oxygen​ ​(and​ ​thus, 
number​ ​of​ ​EPT​ ​taxa)​ ​increases​ ​in​ ​colder​ ​water​ ​(Murphy,​ ​2007).​ ​Although​ ​there​ ​was​ ​limited 
variation​ ​in​ ​temperature​ ​throughout​ ​all​ ​of​ ​the​ ​sites​ ​(between​ ​14-20˚​ ​C),​ ​the​ ​graph​ ​shows​ ​that​ ​the 
number​ ​of​ ​EPT​ ​taxa​ ​increases​ ​up​ ​to​ ​a​ ​certain​ ​temperature,​ ​decrease,​ ​and​ ​then​ ​increase​ ​as​ ​the 
temperature​ ​increases​ ​to​ ​20˚​ ​C.​ ​​ ​The​ ​highest​ ​number​ ​of​ ​EPTs​ ​found​ ​at​ ​one​ ​site​ ​was​ ​at​ ​20˚​ ​C​ ​(121 
individuals,​ ​at​ ​Río​ ​Zamora​ ​Site​ ​1),​ ​but​ ​the​ ​other​ ​EPTs​ ​found​ ​at​ ​20˚​ ​C​ ​were​ ​lower​ ​than​ ​the​ ​highest 






hold​ ​a​ ​certain​ ​amount​ ​of​ ​dissolved​ ​oxygen.​ ​An​ ​increase​ ​in​ ​water​ ​temperature​ ​will​ ​allow 
increased​ ​dissolved​ ​oxygen​ ​holding​ ​in​ ​the​ ​water,​ ​but​ ​only​ ​to​ ​a​ ​certain​ ​point,​ ​. 
Each​ ​individual​ ​site​ ​has​ ​its​ ​own​ ​range​ ​of​ ​discharge​ ​values​ ​(Figure​ ​14).​ ​Although 
discharge​ ​fluctuates​ ​often​ ​due​ ​to​ ​precipitation​ ​and​ ​human​ ​interference,​ ​both​ ​Río​ ​Zamora​ ​sites 
tend​ ​to​ ​have​ ​a​ ​higher​ ​discharge​ ​rate​ ​than​ ​the​ ​San​ ​Simon​ ​and​ ​El​ ​Carmen​ ​sites.​ ​However,​ ​the 
variation​ ​of​ ​discharge​ ​between​ ​sites​ ​was​ ​not​ ​statistically​ ​significant​ ​(Table​ ​3).​ ​This​ ​is​ ​because​ ​all 
streams​ ​were​ ​moving​ ​fast​ ​enough​ ​to​ ​have​ ​sufficient​ ​quantities​ ​of​ ​dissolved​ ​oxygen​ ​to​ ​support 
macroinvertebrate​ ​populations.​ ​The​ ​discharge​ ​rate​ ​was​ ​sufficiently​ ​fast​ ​to​ ​wash​ ​out​ ​pollutants 
that​ ​fell​ ​into​ ​the​ ​stream.​ ​When​ ​construction​ ​workers​ ​were​ ​digging​ ​out​ ​a​ ​large​ ​hole​ ​in​ ​the​ ​middle 
of​ ​the​ ​road​ ​where​ ​El​ ​Carmen​ ​and​ ​San​ ​Simon​ ​become​ ​Río​ ​Zamora,​ ​the​ ​loosened​ ​sediment​ ​flowed 
into​ ​the​ ​river​ ​(which​ ​was​ ​about​ ​5​ ​m​ ​away​ ​from​ ​the​ ​hole).​ ​The​ ​increased​ ​sediment​ ​load​ ​increased 
the​ ​turbidity​ ​of​ ​the​ ​normally​ ​very​ ​clear​ ​water.​ ​Nevertheless,​ ​after​ ​flowing​ ​approximately​ ​30​ ​m 
downstream,​ ​the​ ​water​ ​was​ ​flowing​ ​as​ ​clearly​ ​as​ ​before​ ​the​ ​construction​ ​site.  
Overall,​ ​how​ ​is​ ​the​ ​water​ ​quality​ ​in​ ​the​ ​Río​ ​Zamora​ ​watershed?​ ​Table​ ​2​ ​gives​ ​a 
comparison​ ​between​ ​the​ ​EPT​ ​numbers,​ ​EPT​ ​percentage,​ ​BMWP/Col​ ​scores,​ ​and​ ​the​ ​BMWP/Col 
pollution​ ​index​ ​to​ ​answer​ ​this​ ​question.​ ​The​ ​most​ ​obvious​ ​mismatch​ ​between​ ​these​ ​methods​ ​was 
Sample​ ​2​ ​at​ ​San​ ​Simon​ ​Site​ ​2.​ ​The​ ​water​ ​at​ ​this​ ​sample​ ​was​ ​classified​ ​as​ ​“fair”​ ​using​ ​the​ ​number 
of​ ​EPT​ ​method,​ ​“excellent”​ ​using​ ​the​ ​EPT​ ​percentage​ ​method,​ ​and​ ​“contaminated/doubtful” 
using​ ​the​ ​BMWP/Col​ ​method.​ ​The​ ​percentage​ ​method​ ​is​ ​the​ ​most​ ​variable,​ ​because​ ​the 
percentage​ ​of​ ​EPT​ ​taxa​ ​varies​ ​depending​ ​on​ ​how​ ​many​ ​individuals​ ​of​ ​non-EPT​ ​taxa​ ​are​ ​caught 
at​ ​a​ ​particular​ ​site.​ ​The​ ​other​ ​two​ ​methods​ ​are​ ​less​ ​obviously​ ​variable,​ ​because​ ​the​ ​number​ ​of 
EPT​ ​found​ ​and​ ​BMWP/Col​ ​do​ ​not​ ​include​ ​the​ ​more​ ​resistant​ ​taxa​ ​in​ ​their​ ​counts.​ ​However,​ ​a 
plurality​ ​of​ ​sample​ ​(7​ ​out​ ​of​ ​the​ ​20​ ​measured)​ ​have​ ​the​ ​highest​ ​quality​ ​classifications​ ​in​ ​all​ ​three 
methods-​ ​“excellent”​ ​in​ ​both​ ​the​ ​EPT​ ​number​ ​and​ ​EPT​ ​percentage​ ​methods,​ ​and​ ​“very 
good/clean”​ ​in​ ​the​ ​BMWP/Col​ ​index.​ ​Five​ ​more​ ​have​ ​the​ ​highest​ ​classifications​ ​in​ ​both​ ​EPT 
number​ ​and​ ​BMWP/Col​ ​​ ​score,​ ​but​ ​not​ ​in​ ​EPT​ ​percentage.​ ​Two​ ​samples​ ​(San​ ​Simon​ ​2,​ ​sample 
1;​ ​and​ ​Minas​ ​2)​ ​have​ ​the​ ​third-lowest​ ​classifications-​ ​“fair”​ ​in​ ​EPT​ ​numbers​ ​and 
“contaminated/doubtful​ ​quality”​ ​in​ ​the​ ​BMWP/Col​ ​score.​ ​The​ ​r​2​-squared​ ​regression​ ​analysis 
comparing​ ​the​ ​EPT​ ​numbers​ ​and​ ​BMWP/Col​ ​score​ ​is​ ​0.99,​ ​proving​ ​that​ ​the​ ​two​ ​indexes​ ​are​ ​very 
closely​ ​related​ ​(Table​ ​10).​ ​This​ ​makes​ ​sense,​ ​because​ ​the​ ​scored​ ​families​ ​in​ ​BMWP/Col​ ​system 
found​ ​in​ ​these​ ​streams​ ​were​ ​primarily​ ​EPT​ ​taxa.​ ​The​ ​two​ ​indexes​ ​should​ ​be​ ​highly​ ​correlated.​ ​At 
the​ ​same​ ​time,​ ​the​ ​number​ ​of​ ​EPT​ ​and​ ​percentage​ ​of​ ​EPT​ ​are​ ​not​ ​significantly​ ​correlated​ ​(2​ ​tail 
p=0.60,​ ​r​2​=0.02).​ ​Nor​ ​are​ ​the​ ​BMWP/Col​ ​score​ ​and​ ​the​ ​percentage​ ​of​ ​EPT​ ​(2​ ​tail​ ​p=0.55, 
r​2​=0.02)​ ​(Table​ ​10).  
An​ ​important​ ​consideration​ ​in​ ​the​ ​study​ ​of​ ​macroinvertebrates,​ ​however,​ ​is​ ​considering 
how​ ​variables​ ​aside​ ​from​ ​water​ ​quality​ ​affect​ ​macroinvertebrate​ ​populations.​ ​All​ ​sites​ ​had​ ​large 
rocks​ ​and​ ​clasts​ ​in​ ​the​ ​substrate.​ ​Some​ ​types​ ​of​ ​macroinvertebrates​ ​(particularly​ ​Trichoptera) 
prefer​ ​to​ ​live​ ​on​ ​larger​ ​rocks,​ ​but​ ​all​ ​others​ ​found​ ​preferred​ ​looser​ ​bedload​ ​sediment.​ ​The​ ​lowest 
score,​ ​from​ ​the​ ​second​ ​sample​ ​at​ ​San​ ​Simon​ ​Site​ ​2,​ ​has​ ​low​ ​ratings​ ​in​ ​both​ ​the​ ​number​ ​of​ ​EPT 
and​ ​BMWP/Col​ ​scores.​ ​There​ ​are​ ​several​ ​non-pollution​ ​related​ ​reasons​ ​for​ ​this.​ ​San​ ​Simon​ ​Site 
2​ ​had​ ​the​ ​lowest​ ​amount​ ​of​ ​sediment​ ​of​ ​all​ ​8​ ​sites,​ ​where​ ​all​ ​clasts​ ​were​ ​cobble​ ​sized​ ​or​ ​bigger. 
Since​ ​the​ ​substrate​ ​was​ ​practically​ ​nonexistent,​ ​this​ ​minimized​ ​the​ ​number​ ​of 
macroinvertebrates.​ ​This​ ​site​ ​also​ ​had​ ​a​ ​man-made​ ​dam,​ ​where​ ​the​ ​water​ ​would​ ​fall​ ​30​ ​cm​ ​in​ ​a 
single​ ​riffle.​ ​Minas​ ​Site​ ​2​ ​was​ ​the​ ​only​ ​other​ ​site​ ​that​ ​showed​ ​signs​ ​of​ ​pollution.​ ​This​ ​was​ ​not 






from​ ​a​ ​paved​ ​road​ ​and​ ​several​ ​clustered​ ​houses.​ ​The​ ​decreased​ ​permeability​ ​of​ ​the​ ​soil​ ​from 
urbanization​ ​resulted​ ​in​ ​fewer​ ​macroinvertebrates​ ​and​ ​more​ ​contamination.​ ​Based​ ​on​ ​the​ ​scores, 
there​ ​are​ ​no​ ​significant​ ​differences​ ​in​ ​stream​ ​habitat​ ​water​ ​quality​ ​between​ ​the​ ​18​ ​other, 
non-contaminated​ ​samples.  
The​ ​macroinvertebrate​ ​samples​ ​showed​ ​that​ ​despite​ ​runoff​ ​from​ ​the​ ​various​ ​types​ ​of 
farms,​ ​the​ ​water​ ​still​ ​provided​ ​habitat​ ​for​ ​the​ ​most​ ​pollution​ ​sensitive​ ​taxa.​ ​This​ ​is​ ​surprising 
given​ ​past​ ​research​ ​on​ ​the​ ​environmental​ ​drawbacks​ ​from​ ​livestock​ ​farming​ ​and​ ​the​ ​elevation 
gradient​ ​placing​ ​the​ ​farms​ ​directly​ ​above​ ​the​ ​river.​ ​This​ ​is​ ​also​ ​surprising​ ​because​ ​rainwater 
tends​ ​to​ ​run​ ​off​ ​thin​ ​mountain​ ​soils​ ​rather​ ​than​ ​getting​ ​absorbed​ ​into​ ​the​ ​soil.​ ​As​ ​a​ ​previous​ ​study 
discovered,​ ​having​ ​a​ ​high​ ​amount​ ​of​ ​native​ ​vegetation​ ​cover​ ​helps​ ​absorb​ ​potential​ ​contaminants 
and​ ​increase​ ​the​ ​number​ ​of​ ​macroinvertebrates​ ​(Iñigues-Armijos​ ​et.​ ​al.​ ​2014).​ ​Although​ ​much​ ​of 
the​ ​Río​ ​Zamora​ ​watershed​ ​area​ ​study​ ​has​ ​been​ ​deforested,​ ​there​ ​are​ ​small​ ​“buffers”​ ​of​ ​trees​ ​and 
longer​ ​grasses​ ​at​ ​the​ ​edge​ ​of​ ​many​ ​pastures.​ ​At​ ​many​ ​of​ ​the​ ​sites​ ​within​ ​the​ ​study​ ​area,​ ​the 
stream​ ​banks​ ​had​ ​upward​ ​of​ ​70%​ ​native​ ​vegetation​ ​that​ ​could​ ​catch​ ​potential​ ​pollutants.​ ​In​ ​this 
way,​ ​the​ ​shrubs,​ ​trees,​ ​and​ ​grasses​ ​help​ ​catch​ ​any​ ​runoff​ ​that​ ​could​ ​be​ ​carrying​ ​fecal​ ​bacteria​ ​or 
pesticides​ ​into​ ​the​ ​river.​ ​The​ ​cleanliness​ ​of​ ​the​ ​stream​ ​adjacent​ ​to​ ​these​ ​sites​ ​that​ ​could​ ​be 
potential​ ​non-source​ ​pollutants,​ ​including​ ​one​ ​particularly​ ​pungent​ ​chicken​ ​farm​ ​between​ ​San 
Simon​ ​Site​ ​1​ ​and​ ​San​ ​Simon​ ​Site​ ​2,​ ​is​ ​encouraging​ ​because​ ​it​ ​shows​ ​the​ ​bioremediation​ ​potential 
of​ ​pasture​ ​grasses​ ​and​ ​riparian​ ​buffers.  
Performing​ ​this​ ​study​ ​in​ ​November​ ​gives​ ​some​ ​clues​ ​about​ ​how​ ​season​ ​affect​ ​the​ ​water 
quality.​ ​November​ ​marks​ ​the​ ​transition​ ​to​ ​the​ ​wet​ ​season​ ​and​ ​is​ ​the​ ​second-driest​ ​month,​ ​with 
58.9​ ​mm​ ​of​ ​precipitation.​ ​In​ ​comparison,​ ​the​ ​wettest​ ​month​ ​(January)​ ​has​ ​190​ ​mm​ ​of 
precipitation​ ​.​ ​November​ ​2017​ ​has​ ​also​ ​had​ ​more​ ​evapotranspiration​ ​(82.0​ ​mm)​ ​than 
precipitation​ ​(Hugo​ ​Tapia​ ​Castro,​ ​pers.​ ​comm.,​ ​November​ ​30,​ ​2017).​ ​Low​ ​precipitation​ ​means 
the​ ​streams​ ​have​ ​low​ ​water​ ​levels​ ​in​ ​November.​ ​In​ ​this​ ​subtropical​ ​climate,​ ​that​ ​could​ ​mean​ ​two 
things​ ​for​ ​pollution.​ ​The​ ​water​ ​in​ ​Río​ ​Zamora​ ​is​ ​either​ ​cleanest​ ​in​ ​dry​ ​months​ ​because​ ​of​ ​a​ ​lack 
of​ ​runoff,​ ​or​ ​dirtiest​ ​in​ ​dry​ ​months​ ​because​ ​the​ ​same​ ​amount​ ​of​ ​pollution​ ​is​ ​suspended​ ​in​ ​the 
least​ ​amount​ ​of​ ​water.​ ​Temperate​ ​climates​ ​often​ ​have​ ​a​ ​spike​ ​in​ ​pollution​ ​upon​ ​entering​ ​the​ ​rainy 
season​ ​because​ ​of​ ​increased​ ​runoff​ ​(Genoways,​ ​2014).​ ​A​ ​study​ ​in​ ​subtropical​ ​India​ ​discovered 
that​ ​there​ ​is​ ​almost​ ​no​ ​agricultural​ ​pollution​ ​from​ ​runoff​ ​into​ ​rivers,​ ​aside​ ​from​ ​during​ ​monsoon 
season.​ ​However,​ ​pollution​ ​increases​ ​significantly​ ​during​ ​monsoon​ ​season​ ​because​ ​the​ ​flooding 
water​ ​will​ ​carry​ ​pollutants​ ​away​ ​from​ ​the​ ​land​ ​and​ ​directly​ ​into​ ​the​ ​rivers​ ​(Agrawal,​ ​1999).​ ​A 
separate​ ​study​ ​analyzed​ ​chemical​ ​components​ ​of​ ​water​ ​quality​ ​in​ ​Pará​ ​state,​ ​Brazil,​ ​which​ ​has​ ​a 
similar​ ​climate​ ​to​ ​Loja​ ​and​ ​MdP.​ ​In​ ​the​ ​two​ ​locations​ ​studied,​ ​water​ ​quality​ ​was​ ​proven​ ​to 
increase​ ​during​ ​the​ ​dry​ ​season​ ​(Medeiros​ ​et.​ ​al.,​ ​2015).​ ​Having​ ​12​ ​out​ ​of​ ​20​ ​samples​ ​proven​ ​to 
have​ ​the​ ​highest​ ​water​ ​quality​ ​in​ ​the​ ​dry​ ​month​ ​of​ ​November​ ​is​ ​impressive,​ ​but​ ​does​ ​not​ ​mean 
that​ ​the​ ​water​ ​is​ ​equally​ ​clean​ ​throughout​ ​the​ ​year.​ ​Because​ ​the​ ​cloud​ ​forest​ ​rain​ ​is​ ​usually​ ​light 
and​ ​constant,​ ​it​ ​is​ ​possible​ ​that​ ​runoff​ ​is​ ​not​ ​a​ ​significant​ ​source​ ​of​ ​pollution,​ ​but​ ​a​ ​longer​ ​term 
study​ ​is​ ​needed.  
From​ ​a​ ​geological​ ​perspective,​ ​the​ ​evidence​ ​of​ ​water​ ​flowing​ ​near​ ​the​ ​present-day​ ​stream 
location​ ​indicates​ ​that​ ​the​ ​stream​ ​has​ ​eroded​ ​with​ ​minimal​ ​ecological​ ​disturbance.​ ​Even​ ​in​ ​a​ ​dry 
month​ ​with​ ​a​ ​higher​ ​rate​ ​of​ ​evapotranspiration​ ​than​ ​precipitation,​ ​the​ ​river​ ​still​ ​flows​ ​with​ ​plenty 
of​ ​water.​ ​Nonetheless,​ ​since​ ​most​ ​of​ ​the​ ​abundant​ ​rainwater​ ​will​ ​run​ ​off​ ​into​ ​the​ ​river​ ​with​ ​no 
physical​ ​filtering,​ ​it​ ​is​ ​important​ ​to​ ​keep​ ​the​ ​air​ ​and​ ​soil​ ​pollution​ ​around​ ​the​ ​stream​ ​to​ ​a 






of​ ​resilience,​ ​but​ ​resilience​ ​is​ ​not​ ​infinite.​ ​Keeping​ ​MdP​ ​pristine​ ​keeps​ ​the​ ​initial​ ​stream​ ​waters 
clean,​ ​but​ ​downstream​ ​residents​ ​must​ ​be​ ​careful​ ​as​ ​well.​ ​Water​ ​quality​ ​does​ ​not​ ​seem​ ​adversely 
affected​ ​by​ ​bathing​ ​and​ ​washing​ ​laundry​ ​in​ ​the​ ​stream,​ ​but​ ​that​ ​could​ ​change​ ​if​ ​more​ ​people 
begin​ ​adding​ ​more​ ​pollutants.​ ​Thus,​ ​education​ ​and​ ​being​ ​more​ ​cautious​ ​about​ ​when​ ​and​ ​how​ ​to 
use​ ​the​ ​streams​ ​will​ ​insure​ ​long-term​ ​quality​ ​of​ ​the​ ​stream​ ​water.  
 
Limitations 
In​ ​the​ ​first​ ​round​ ​of​ ​sampling​ ​(samples​ ​1​ ​at​ ​the​ ​Upper​ ​Río​ ​Zamora​ ​sites),​ ​caddisfly 
(Trichoptera)​ ​larvae​ ​were​ ​misidentified​ ​as​ ​leaves​ ​and​ ​not​ ​included​ ​in​ ​the​ ​macroinvertebrates 
count.​ ​However,​ ​since​ ​Trichoptera​ ​larvae​ ​had​ ​roughly​ ​the​ ​same​ ​incidence​ ​rates​ ​as​ ​other 
full-grown​ ​Trichoptera​ ​taxa,​ ​and​ ​full-grown​ ​Trichoptera​ ​were​ ​recorded​ ​when​ ​they​ ​occurred,​ ​this 
omission​ ​should​ ​not​ ​greatly​ ​affect​ ​the​ ​data​ ​in​ ​terms​ ​of​ ​orders​ ​present​ ​at​ ​a​ ​particular​ ​site. 
However,​ ​this​ ​did​ ​affect​ ​the​ ​number​ ​of​ ​EPT​ ​taxa​ ​recorded​ ​for​ ​these​ ​samples,​ ​which​ ​likely 
explains​ ​the​ ​low​ ​BMWP/Col​ ​scores​ ​for​ ​the​ ​first​ ​samples​ ​(Figure​ ​11).  
Another​ ​limitation​ ​was​ ​level​ ​of​ ​classification.​ ​The​ ​researcher​ ​only​ ​identified​ ​to​ ​the​ ​level 
of​ ​order,​ ​not​ ​family,​ ​while​ ​in​ ​the​ ​field.​ ​This​ ​resulted​ ​in​ ​the​ ​BMWP/Col​ ​index​ ​being​ ​more​ ​of​ ​an 
approximation.​ ​To​ ​account​ ​for​ ​this​ ​difference,​ ​the​ ​researcher​ ​retroactively​ ​identified​ ​families 
present​ ​and​ ​averaged​ ​the​ ​BMWP/Col​ ​score.​ ​However,​ ​since​ ​many​ ​families​ ​within​ ​the​ ​order​ ​have 
the​ ​same​ ​classification​ ​score​ ​in​ ​the​ ​BMWP/Col​ ​index,​ ​this​ ​should​ ​not​ ​affect​ ​the​ ​end​ ​result​ ​too 
much.​ ​For​ ​example,​ ​the​ ​three​ ​encountered​ ​Ephemeroptera​ ​families​ ​had​ ​BMWP/Col​ ​scores​ ​of​ ​9, 
9,​ ​and​ ​7,​ ​which​ ​averaged​ ​to​ ​8.333.​ ​In​ ​addition,​ ​since​ ​14​ ​out​ ​of​ ​20​ ​samples​ ​had​ ​BMWP/Col​ ​scores 
over​ ​150​ ​(for​ ​“very​ ​clean”​ ​water),​ ​classifying​ ​only​ ​to​ ​the​ ​level​ ​of​ ​order​ ​and​ ​then​ ​averaging​ ​the 




Overall,​ ​the​ ​water​ ​quality​ ​in​ ​MdP,​ ​El​ ​Carmen,​ ​San​ ​Simon,​ ​and​ ​the​ ​upper​ ​portion​ ​of​ ​Río 
Zamora​ ​is​ ​good​ ​to​ ​excellent.​ ​90%​ ​of​ ​samples​ ​measured​ ​show​ ​no​ ​evidence​ ​of​ ​pollution.​ ​This​ ​is 
encouraging​ ​for​ ​both​ ​conservation​ ​efforts​ ​at​ ​MdP​ ​and​ ​vegetation​ ​buffers​ ​on​ ​the​ ​farms​ ​that​ ​keep 
fecal​ ​pollutants​ ​out​ ​of​ ​the​ ​water.​ ​Site​ ​geology​ ​is​ ​stable​ ​and​ ​conducive​ ​to​ ​a​ ​well-defined,​ ​straight 
channeled​ ​stream​ ​to​ ​stay​ ​in​ ​place​ ​for​ ​many​ ​hundreds​ ​of​ ​years​ ​without​ ​excessive​ ​human 
interference,​ ​and​ ​thousands​ ​of​ ​years​ ​of​ ​channeling​ ​high-energy​ ​water,​ ​as​ ​exhibited​ ​in​ ​the​ ​rock 
record.​ ​Studying​ ​hydrology​ ​and​ ​macroinvertebrates​ ​at​ ​the​ ​same​ ​time​ ​provided​ ​a​ ​more 
incorporated​ ​ecological​ ​study​ ​that​ ​provides​ ​context​ ​to​ ​the​ ​macroinvertebrate​ ​data​ ​collected. 
Although​ ​this​ ​study​ ​proved​ ​that​ ​the​ ​water​ ​quality​ ​is​ ​high,​ ​it​ ​remains​ ​important​ ​to​ ​protect​ ​its 
cleanliness​ ​by​ ​using​ ​vegetation​ ​buffers​ ​and​ ​keeping​ ​animal​ ​waste​ ​away​ ​from​ ​where​ ​rainwater 
can​ ​accumulate.​ ​This​ ​study​ ​also​ ​speaks​ ​well​ ​to​ ​the​ ​importance​ ​of​ ​having​ ​private​ ​reserves​ ​to 
protect​ ​water​ ​quality​ ​at​ ​higher​ ​altitudes,​ ​even​ ​if​ ​the​ ​lower​ ​areas​ ​are​ ​too​ ​populated​ ​and​ ​urbanized 
to​ ​be​ ​protected.  
Future​ ​studies​ ​should​ ​consider​ ​chemical​ ​properties​ ​of​ ​the​ ​water,​ ​such​ ​as​ ​pH​ ​and​ ​dissolved 
oxygen.​ ​If​ ​future​ ​researchers​ ​can​ ​obtain​ ​permission​ ​to​ ​do​ ​macroinvertebrate​ ​and​ ​chemical 
sampling​ ​within​ ​Loja​ ​city​ ​limits,​ ​this​ ​would​ ​provide​ ​more​ ​holistic​ ​data​ ​about​ ​Río​ ​Zamora’s 
pollution​ ​levels​ ​in​ ​a​ ​very​ ​urbanized​ ​area.​ ​The​ ​researcher​ ​recommends​ ​using​ ​the​ ​number​ ​of​ ​EPT 
index​ ​and​ ​the​ ​BMWP/Col​ ​index​ ​for​ ​future​ ​macroinvertebrate​ ​studies​ ​in​ ​Ecuador​ ​and​ ​neighboring 






informative​ ​comparison​ ​could​ ​be​ ​made​ ​between​ ​this​ ​dry​ ​season​ ​study​ ​and​ ​a​ ​future​ ​study​ ​during 
the​ ​wet​ ​season.​ ​Research​ ​during​ ​the​ ​wet​ ​season​ ​should​ ​seek​ ​to​ ​measure​ ​the​ ​impact​ ​of​ ​runoff.​ ​If 
the​ ​water​ ​in​ ​Upper​ ​Río​ ​Zamora​ ​does​ ​become​ ​more​ ​polluted​ ​in​ ​the​ ​future,​ ​precise​ ​measurements 
of​ ​rock​ ​layer​ ​permeability​ ​can​ ​help​ ​solve​ ​the​ ​problem​ ​of​ ​where​ ​the​ ​pollution​ ​is​ ​coming​ ​from. 
This​ ​study​ ​is​ ​an​ ​important​ ​first​ ​step​ ​for​ ​understanding​ ​MdP’s​ ​water​ ​quality,​ ​but​ ​it​ ​should​ ​not​ ​be 
the​ ​final​ ​step.​ ​Hydrology​ ​and​ ​macroinvertebrates​ ​may​ ​vouch​ ​for​ ​quality​ ​water.​ ​But​ ​the​ ​true​ ​mark 
of​ ​high​ ​quality​ ​water​ ​in​ ​the​ ​Upper​ ​Río​ ​Zamora​ ​Watershed​ ​will​ ​only​ ​come​ ​when​ ​everyone 
downstream​ ​works​ ​to​ ​preserve​ ​the​ ​water​ ​quality.  
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Figure​ ​A-1.​ ​​An​ ​example​ ​page​ ​from​ ​the​ ​researcher’s​ ​field​ ​notebook. 
 







Figure​ ​A-3.​ ​​A​ ​large​ ​Plecoptera​ ​sample​ ​pictured​ ​in​ ​the​ ​researcher’s​ ​hand​ ​with​ ​the​ ​end​ ​of​ ​the​ ​tweezers.(Photo​ ​by 
Harper​ ​Baldwin,​ ​2017). 
 








Figure​ ​A-5.​ ​​Five​ ​Trichoptera​ ​larvae,​ ​pictured​ ​in​ ​the​ ​researcher’s​ ​hand.​ ​(Photo​ ​by​ ​Harper​ ​Baldwin,​ ​2017). 
 
Figure​ ​A-6.​ ​​A​ ​sample​ ​from​ ​the​ ​17-cm​ ​diameter​ ​net​ ​with​ ​leaves​ ​and​ ​macroinvertebrates.​ ​(Photo​ ​by​ ​Harper 
Baldwin,​ ​2017). 
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